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WHAT IS CLAIMED IS: 

1. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more hCyat sources to at least one portion of the 
5 formation; 

allowing the heat to transfer f ronj/ the one or more heat sources to a selected 
section of the formation; 

controlling the heat from the dhe or more heat sources such that an average 
temperature within at least a majorij^y of the selected section of the formation is less than 
10 about 375 ^^C; and 

producing a mixture fromf the formation. 

□ 2. The method of claim 1, wherein the one or more heat sources comprise at least two 
m heat sources, and wherein superposition of heat from at least the two heat sources 
"^15 pyrolyzes at least some hydrocarbons within the selected section of the formation. 

n 3. The method of claim A , wherein controlling formation conditions comprises 

^ maintaining a temperatif e within the selected section within a pyrolysis temperature 

F range. 



P 



4. The method of cl/im 1, wherein the one or more heat sources comprise electrical 
heaters. 



5. The method o/ claim 1, wherein the one or more heat sources comprise surface 
25 burners. 

6. The methoc( of claim 1, wherein the one or more heat sources comprise flameless 
distributed combustors. 

30 7. The method of claim 1, wherein the one or more heat sources comprise natural 
distributed Qombustors. 
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8. The method of claim 1 , further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the^formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

9. The method of claim 1 , further comprising (controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. / 

10. The method of claim 1, further composing controlling a pressure within at least a 
majority of the selected section of the fo^ation with a valve coupled to a production 
well located in the formation. / 



1 1 . The method of claim 1 , further^comprising controlling the heat such that an average 
heating rate of the selected secticm is less than about 1 °C per day during pyrolysis. 

12. The method of claim 1, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculatea by the equation: 

wherein Pwr is tjie heating energy/day, /i is an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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13. The method of claim 1, wherein allowing the heat to transfer from the one or more 
heat sources 
conduction. 



heat sources to the selected section comprises transferring heat substantially by 



14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than/about 0.5 W/(m *^C). 

15. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of ax least about 25°. 

16. The method of claim 1, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein about 0.; % by weight to about 15 % by weight of the 
condensable hydrocarbons are olem 

17. The method of claim 1, whe^in the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from apout 0.001 to about 0.15. 

18. The method of claim If, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wher^n about 0.1 % by weight to about 1 5 % by weight of the non- 
condensable hydrocarbons are olefins. 

19. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

20. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and /wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condefnsable hydrocarbons is oxygen. 
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2 1 . The method of claim 1 , wherein the produced mixture comprises condensable 

hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

/ 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about i % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

23. The method of claim 1, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

24. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multi^ng aromatics with more than two rings. 

25. The method of claim 1, Xvherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

27. The method of claim 1, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, and wherein 
the hydrogen is greater than about 10 % by volume of the non-condensable component 
and wherein the hydrogen is less than about 80 % by volume of the non-condensable 
component. 1 



Conley, Rose & Tayon, P C. 



28. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1, wherein the prodiiced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the fopiation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

31. The method of claim 1, further comprising controlling formation conditions such that 
the produced mixture comprises a jptial pressure of H2 within the mixture greater than 
about 0.5 bar. 

32. The method of claim 31, wherein the partial pressure of H2 is measured when the 
mixture is at a production wel 

33. The method of claim 1 /wherein controlling formation conditions comprises 
recirculating a portion of Hydrogen from the mixture into the formation. 

34. The method of claim L further comprising altering a pressure within the formation to 
inhibit production of hycjrocarbons from the formation having carbon numbers greater 
than about 25. 



35. The method of claim 1, further comprismg: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comjjrising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a/portion of the produced hydrogen. 



37. The method of claim 1, wherein allowing theheat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

38. The method of claim 1, wherein allowirig the heat to transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



40. The method of claim 1, wherein producing the mixture comprises producing the 
mixture in a production well, andyWherein at least about 7 heat sources are disposed in the 
formation for each production well. 



41 . The method of claim 1 , further comprising providing heat fi:om three or more heat 
sources to at least a portion/of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular partem. 

42. The method of clairi 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the fom^tion in a unit of heat sources, wherein the imit of heat sources 
comprises a triangulai pattern, and wherein a plurality of the units are repeated over an 
area of the formation /to form a repetitive pattern of units. 



43. The method of c 



stream and a liquid stream 



aim 1, further comprising separating the produced mixture into a gas 
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44. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream and separating the liquid/stream into an aqueous stream and a 
non-aqueous stream. / 

45. The method of claim 1, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim 1, wherein the produced mixture comprises CO2, the method 
further comprising separating a portion or the CO2 from non-condensable hydrocarbons. 

47. The method of claim 1, wherein the mixture is produced from a production well, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. / 

48. The method of claim 1, wherein the mixture is produced from a production well, the 
method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

49. The method of claim 1, wherein the mixture is produced from a production well, 
wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon/gas component and H2. 

50. The method of claim/ 1, wherein the minimum pyrolysis temperature is about 270 °C. 

5 1 . The method of clai] 
formation above about 
numbers above 25. 



1, further comprising maintaining the pressure within the 
.0 bar absolute to inhibit production of fluids having carbon 
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52. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar/ as measured at a wellhead 
of a production well, to control an amount of condensable/nydrocarbons within the 
produced mixture, wherein the pressure is reduced to increase production of condensable 
hydrocarbons, and wherein the pressure is increased t<y increase production of non- 
condensable hydrocarbons. / 

53. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to control an API gravity ff condensable hydrocarbons within the 
produced mixture, wherein the pressiire is reduced to decrease the API gravity, and 
wherein the pressure is increased to reduce tWe API gravity. 

54. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more neat sources to at least a portion of the 
formation; / 

allowing the heat to transfer fi-om at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
formation; and / 

producing a mixture fro^ the formation. 

55. The method of claim 54, 
heat sources, and wherein su] 
pyrolyzes at least some hydn 

56. The method of claim 5% wherein the one or more heat sources comprise electrical 
heaters. / 

57. The method of claim 54, wherein the one or more heat sources comprise surface 
burners. / 



lerein the one or more heat sources comprise at least two 
Verposition of heat from at least the two heat sources 
Jcarbons within the selected section of the formation. 
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58. The method of claim 54, wherein the one or mor^ heat sources comprise flameless 
distributed combustors. 

59. The method of claim 54, wherein the one o^more heat sources comprise natural 
distributed combustors. 

60. The method of claim 54, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, o/ the temperature is controlled as a function of 
pressure. 

61. The method of claim 54, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 .0 ° C per day during pyrolysis. 

62. The method of claim 54, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, whereftn the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes ^ least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energ]^/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h'^V'^Cv'^PB 

wherein Pwr is the hiating energy/day, is an average heating rate of the 
formation, ps is formation bjulk density, and wherein the heating rate is less than about 10 
°C/day. 



63. The method of claim 5f4, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weighyto about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

66. The method of claim 54, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of emene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

67. The method of claim 54, wherein theAroduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 54, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than /about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about/5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % b)^/ weight of the condensable 
hydrocarbons are aromatic compounds. 

72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics wiih more than two rings. 

73. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 9-3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

74. The method of claim 54, wherein thp produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %/by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

75. The method of claim 54, wherein the produced mixture comprises a non-condensable 
component, wherein the non-coAdensable component comprises hydrogen, wherein the 
hydrogen is greater than about /lO % by volume of the non-condensable component, and 
wherein the hydrogen is less tfian about 80 % by volume of the non-condensable 
component. 

76. The method of claim 54f, wherein the produced mixture comprises ammonia, and 
wherein greater than about/ 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim/54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia isfused to produce fertilizer. 

78. The method of claibi 54, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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79. The method of claim 54, further comprising controlHng foraiation conditions to 
produce a mixture of condensable hydrocarbons^and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

81. The method of claim 54, further comprising altering a pressure within the formation 
to inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. / 

82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogpn from the mixture into the formation. 

83. The method of claim 54, further comprising: 

providing hydrogen/H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

84. The method of claimf 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable Hydrocarbons with at least a portion of the produced hydrogen. 

85. The method of claim 54, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

86. The method of claim 54, wherein allowing the heat to transfer comprises substantially 
uniformly increasufig a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

88. The method of claim 54, wherein producing/the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. / 

89. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. / 

90. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattem, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattem of units. 

91. A method of treating a hyarocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
of the selected section is greater than about 0.5 W/(m °C). 

92. The method of claim/91, wherein the one or more heat sources comprise at least two 
heat sources, and whereifn superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

5 94. The method of claim 91, wherein the one or more heat sources comprise electrical 
heaters. / 

95. The method of claim 91, wherein the one or more heat sources comprise surface 
bumers. / 

10 / 

96. The method of claim 91, wherein the one or more heat sources comprise flameless 
distributed combustors. / 

IM 97. The method of claim 91, wherein the/one or more heat sources comprise natural 

y=\5 distributed combustors. / 

^ 98. The method of claim 91, further comprising controlling a pressure and a temperature 

Q within at least a majority of the selepted section of the formation, wherein the pressure is 

J"; controlled as a function of temperature, or the temperature is controlled as a function of 

^ 20 pressure. / 

99. The method of claim 91, furmer comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 

25 1 00. The method of claim 9fl , wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wperein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 

30 the formation; and / 
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wherein heating energy/day provided to the volume/is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, Pb is formation bulk density, and whereirl the heating rate is less than about 10 
°C/day. / 

101 . The method of claim 91, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction/ 

102. The method of claim 91, wherein me produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

103. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olenns. 

104. The method of claim 9y, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ringes from about 0.001 to about 0.15. 

105. The method of claim 91, wherein the produced mixtwe comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

106. The method of /claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

I 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. j 

108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing comm)unds, and wherein the oxygen 
containing compounds comprise phenols. / 

1 09. The method of claim 9 1 , wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

110. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanyabout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring/aromatics with more than two rings. 

111. The method of claim 9 1 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene^ 

1 12. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

113. The method of/claim 9 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogeA is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 14. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91, wherein the producjed mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer./ 

1 16. The method of claim 91 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

117. The method of claim 9 1 , further c<6mprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1 1 8. The method of claim 117, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

1 19. The method of claim 91^ further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion ofpydrogen from the mixture into the formation. 

121. The method of maim 9 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; ana 

heating a portion of the section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 23 . The method of claim 9 1 , wherein allowing me heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

124. The method of claim 91, wherein allowing the heat to transfer comprises 
substantially iiniformly increasing a permeability of a majority of the selected section. 

125. The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

126. The method of claim 91 , wherein producing the mixture comprises producing the 
mixture in a production well, and wHerein at least about 7 heat sources are disposed in the 
formation for each production wem 

127. The method of claim 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the forrnation in a unit of heat sources, and wherein the imit of heat 
sources comprises a triangular pattern. 

128. The method of clainy 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangmlar pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

129. A method of treatifig a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or mor^ heat sources to a selected 
section of the formation; 

controlling the heat from the one or more heatyfeources such that an average 
temperature within at least a majority of the selected/section of the formation is less than 
about 370 "^C such that production of a substantial ^ount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at /east 2.0 bar; and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 15 % by weight oythe produced mixture are olefins, and 
wherein an average carbon nimiber of the produced mixture ranges from 1-25. 

130. The method of claim 129, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposixion of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim 129, whjfcrein controlling formation conditions comprises 
maintaining a temperature within thg selected section v^thin a pyrolysis temperature 
range. 

132. The method of claim 129, ^herein the one or more heat sources comprise 
electrical heaters. 

133. The method of claim 129^ wherein the one or more heat sources comprise surface 
burners. 



134. The method of claim 129, wherein the one or more heat sources comprise 
flameless distributed combusto :s. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

/ 

136. The method of claim 129, further comprising/controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temper^ure, or the temperature is controlled as 
a function of pressure. 

137. The method of claim 129, further comprising controlling the heat such that an 
average heating rate of the selected section p less than about 1 °C per day during 
pyrolysis. 

138. The method of claim 129, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F/of the hydrocarbon containing formation from the 
one or more heat sources, wherein tne formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at l^ast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dby provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th^ equation: 

wherein Pwr is the heaiing energy/day, his an average heating rate of the 
formation, Pb is formation bul^ density, and wherein the heating rate is less than about 10 
°C/day. 

139. The method of claiin 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

140. The method of claim 129, wherein providing heat from the one or more heat 
sources comprises heatina the selected section such that a thermal conductivity of at least 
a portion of the selected s action is greater than about 0.5 W/(m °C). 
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141. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to/about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.OOl to about 0.15. 

143. The method of claim 129, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

144. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than pout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrodarbons is sulfur. 

146. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about $ % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comririse phenols. 

147. The method of clairm 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/ greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic/compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with;hiore than two rings. 

149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 f/o by weight of the condensable 
hydrocarbons are asphaltenes. 



150. The method of claim 129, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by Xveight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

151. The method of claim 1 29, wherein the produced mixture comprises a non- 
condensable component, wherein ther non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrpgen is less than about 80 % by volume of the non- 
condensable component. 

152. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

153. The method of clainy 129, wherein the produced mixture comprises anraionia, and 
wherein the ammonia is used to produce fertilizer. 

154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

155. The method of claim 154, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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1 56. The method of claim 1 29, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

157. The method of claim 129, further comprising: 
providing hydrogen (H2) to the heated ^ction to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with lieat from hydrogenation. 

158. The method of claim 129, whereirvthe produced mixture comprises hydrogen and 
condensable hydrocarbons, the method mrther comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

159. The method of claim 1 29, whferein allowing the heat to transfer comprises 
increasing a permeability of a maj9Wty of the selected section to greater than about 100 
millidarcy. 

160. The method of claim 12j^, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

161. The method of claim 1/29, further comprising controlling the heat to yield greater 
than about 60 % by weight o^ condensable hydrocarbons, as measured by the Fischer 
Assay. 



162. The method of claim 129, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



163. The method of clai 
heat sources to at least a 



m 129, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 



V 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

164. The method of claim 129, further con/prising providing heat from three or more 
heat sources to at least a portion of the fonmtion, wherein three or more of the heat 
sources are located in the formation in a umt of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ami wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of imits. 

165. The method of claim 129, fuiliier comprising separating the produced mixture 
into a gas stream and a liquid strea 

166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stry&am and separating the liquid stream into an aqueous 
stream and a non-aqueous strea 

167. The method of claim 129, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. 

168. The method of claim 129, wherein the produced mixture comprises CO2, the 
method ftirther comprising/separating a portion of the CO2 from non-condensable 
hydrocarbons. 

169. The method of cl^m 129, wherein the mixture is produced from a production 
well, wherein the heatingjis controlled such that the mixture can be produced from the 
formation as a vapor. 



170. The method of claim 129, wherein the mixture is produced from a production 



well, the method fiirther 



condensation of the mixture within the wellbore 



omprising heating a wellbore of the production well to inhibit 
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171 . The method of claim 129, wherein the mixtiire is produced from a production 
well, wherein a wellbore of the production well cpmprises a heater element configured to 
heat the formation adjacent to the wellbore, and rurther comprising heating the formation 
with the heater element to produce the mixture/wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H2. 

1 72. The method of claim 129, wherein tne minimum pyrolysis temperature is about 
270 °C. / 

1 73. The method of claim 129, furthe/ comprising maintaining the pressure within the 
formation above about 2.0 bar absolute/to inhibit production of fluids having carbon 
numbers above 25. / 

1 74. The method of claim 129, fmther comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. / 

1 75. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pres^e is increased to reduce the API gravity. 

176. A method of treating i hydrocarbon containing formation in situ, comprising: 
providing heat from c ne or more heat sources to at least a portion of the 

formation; 

I 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is^at least about 2.0 bar absolute; and 

producing a mixture from the formation. 



177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

178. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to/a production well located in the formation. 

179. The method of claim 176ywherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

1 80. The method of claim A 76, wherein controlling formation conditions comprises 
maintaining a temperature v^thin the selected section v^thin a pyrolysis temperature 
range. 

181. The method of claipi 176, wherein the one or more heat sources comprise 
electrical heaters. 

182. The method of cpim 176, wherein the one or more heat sources comprise surface 
burners. 



183. The method of/claim 176, wherein the one or more heat sources comprise 
flameless distributed combustors. 



184. The method o 
distributed combusto: 



claim 176, wherein the one or more heat sources comprise natural 



300 



Conley, Rose & Tayon, P.C. 



1 85. The method of claim 1 76, further comprising controlUng a temperature within at 
least a majority of the selected section of the foqriation, wherein the pressure is 
controlled as a function of temperature, or the t^smperature is controlled as a function of 
pressure. 

186. The method of claim 176, further coinprising controlling the heat such that an 
average heating rate of the selected sectioi/is less than about 1 °C per day during 
pyrolysis. 

187. The method of claim 176, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at Igast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dfay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by thp equation: 

wherein Pwr is the heafing energy/day, his an average heating rate of the 
formation, pB is formation bul^ density, and wherein the heating rate is less than about 10 
°C/day. 

188. The method of claini 176, wherein allov^ng the heat to transfer comprises 
transferring heat substantially by conduction. 

1 89. The method of claim 1 76, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected s action is greater than about 0.5 W/(m °C). 
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190. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

191. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

192. The method of claim 176, whereiiythe produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from About 0.001 to about 0.15. 

193. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

194. The method of claim 176ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated ori an atomic 
basis, of the condensable hydrooarbons is oxygen. 

195. The method of claim 116, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

196. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic ::ompounds. 
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198. The method of claim 176, wherein the produce^' mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 5 % by Wight of the condensable 
hydrocarbons comprises multi-ring aromatics withinore than two rings. 

199. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. / 

200. The method of claim 176, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

201 . The method of claim 1 76, whprein the produced mixture comprises a non- 
condensable component, wherein tWe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

202. The method of claim li76, wherein the produced mixture comprises ammonia, and 
wherein greater than about O.p % by weight of the produced mixture is ammonia. 

203. The method of claimf 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is grea er than about 0.5 bar. 

205. The method of claim 204, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydroc^bons from the formation having carbon 
numbers greater than about 25. 



207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

208. The method of claim 176, mrttier compnsmg: 
providing hydrogen (H2) tp the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sbction with heat from hydrogenation. 

209. The method of claim 1/76, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, tlie method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



210. The method of clai 
increasing a permeability o 
millidarcy. 



176, wherein allowing the heat to transfer comprises 
'a majority of the selected section to greater than about 100 



211. The method of clai n 1 76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of claim 176, fixrther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



213. The method of cl 
comprises producing the 
sources are disposed in 



the 



£.im 



176, wherein producing the mixture from the formation 
nixture in a production well, and wherein at least about 7 heat 
formation for each production well. 
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214. A method of treating a hydrocarbon containing formation in situ, comprising 
providing heat from one or more heat soirees to at least a portion of the 

formation; 

allowing the heat to transfer from the c^e or more heat sources to a selected 
section of the formation; and 

controlling a pressure within at least/a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one 6r more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mixture from the /formation. 

215. The method of claim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein simerposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons v^thin the selected section of the formation. 

216. The method of claim In A, wherein controlling formation conditions comprises 
maintaining a temperature wi/hin the selected section within a pyrolysis temperature 
range. 

217. The method of claiqi 214, wherein the one or more heat sources comprise 
electrical heaters. 

218. The method of cla/m 214, wherein the one or more heat sources comprise surface 
bumers. 



219. The method of claim 214, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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220. The method of claim 214, wherein the one or more heat sources comprise natural 
distributed combustors. 



22 1 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the^selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

223. The method of claim 214, Avherein providing heat from the one or more heat 
sources to at least the portion of ibrmation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, whej-ein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyze^ at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eneriy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bjf the equation: 
Pwr = h'^V'^Cv'^pB 

wherein Pwr is the Seating energy/day, his an average heating rate of the 
formation, Pb is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 

224. The method of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



225. The method of c 
sources comprises heatihj 
a portion of the selected 



aim 214, wherein providing heat from the one or more heat 
g the selected section such that a thermal conductivity of at least 
section is greater than about 0.5 W/(m °C). 
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226. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

227. The method of claim 214, wherein the^roduced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein/ about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons afre olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

230. The method of claim 2 14,/ where in the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

23 1 . The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

233. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

234. The method of claim 214, wherein the'^ produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arpmatics with more than two rings. 

236. The method of claim 214, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

237. The method of claim 2lA, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

238. The method of claim £214, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

239. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than aboutiO.05 % by weight of the produced mixture is ammonia. 

240. The method of claihi 214, wherem the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 
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241 . The method of claim 214, wherein controlling the heat further comprises 
controlling the heat such that coke production is inhibited. 



242. The method of claim 214, further composing controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H25 wherein a partial pressure of H2 
within the mixture is greater than about 0.5 mr. 

243. The method of claim 242, whereinAhe partial pressure of H2 is measured when the 
mixture is at a production well. / 

244. The method of claim 214, forthfer comprising altering the pressure within the 
formation to inhibit production of hyarocarbons from the formation having carbon 
numbers greater than about 25. / 

245. The method of claim 214,ywherein controlling formation conditions comprises 
recirculating a portion of hydroaen from the mixture into the formation. 

246. The method of claim 21ft, further comprising: 

providing hydrogen (H2I) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

247. The method of claim 2 14, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocjirbons with at least a portion of the produced hydrogen. 



248. The method of claim 2||14, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



250. The method of claim 214, further comprising' controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



10 



25 1 . The method of claim 2 1 4, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at/least about 7 heat sources are disposed in 
the formation for each production well. 



15 



252. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formaftion, wherein three or more of the heat 
sources are located in the formation in a nnyt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



-20 



25 



30 



253. The method of claim 214, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in the formation in 
sources comprises a triangular pattern, 
over an area of the formation to form 



I unit of heat sources, wherein the unit of heat 
and wherein a plurality of the units are repeated 
repetitive pattern of xmits. 



254. A method of treating a hydrocfrbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from th^ 
is produced during the pyrolysis and 
phase; and 

maintaining a pressure withih at least a majority of the selected section above 



about 2.0 bar absolute. 



formation, wherein at least a portion of the mixture 
the mixture moves through the formation in a vapor 
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255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

257. The method of claim 254, whprein the one or more heat sources comprise 
electrical heaters. / 

258. The method of claim 254, wherein the one or more heat sources comprise surface 
burners. / 

259. The method of claim 234, wherein the one or more heat sources comprise 
flameless distributed combustprs. 

260. The method of claim 254, wherein the one or more heat sources comprise natural 
distributed combustors. / 

261 . The method of claini 254, further comprising controlling the pressiu-e and a 
temperature within at least p majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

262. The method of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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263. The method of claim 254, wherein providing heat from the one or more heat 
sources to at least the portion of formation compi;ises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, v^herein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hjfdrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h'^V'^Cy^pB 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pB is formation bulk density,/and wherein the heating rate is less than about 10 
°C/day. 

264. The method of claim 254, wrferein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

265. The method of claim 254/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section/is greater than about 0.5 W/(m °C). 

266. The method of claim 2^4, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



267. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



268. The method of clain i 
condensable hydrocarbons 
of the non-condensable hydrocarbons 



254, wherein the produced mixture comprises non- 
and wherein about 0, 1 % by weight to about 15 % by weight 
are olefins. 
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269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboiit 0.001 to about 0.15. 

270. The method of claim 254, wherein Ahe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons jfs nitrogen. 

271. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrooarbons is sulfur. 

273. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about p % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxyden containing compounds, and wherein the oxygen 
containing compounds comnrise phenols. 

274. The method of clainl 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

275. The method of clai n 254, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiii less than about 5 % by weight of the condensable 
hydrocarbons comprises nmlti-ring aromatics with more than two rings. 
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lixture comprises condensable 
;ht of the condensable 

277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to atoout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less man about 80 % by volume of the non- 
condensable component. / 

279. The method of claim 254, whereinAhe produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

280. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

281 . The method of claim 254, wherein the pressure is measured at a wellhead of a 
production well. / 

282. The method of claim 254, wherein the pressure is measured at a location within a 
wellbore of the production well. / 

283. The method of claim 254, wherein the pressure is maintained below about 100 bar 
absolute. 



276. The method of claim 254, wherein the produced ] 
hydrocarbons, and wherein less than about 0.3 % by wei 
hydrocarbons are asphaltenes. / 



314 



Conley, Rose & Tayon, P.C. 



284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2ywherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

285. The method of claim 284, wherein the partia/ pressure of H2 is measured when the 
mixture is at a production well. 

286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon/ from the formation having carbon 
numbers greater than about 25. 

287. The method of claim 254, wherein c<introlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation, 

288. The method of claim 254, further comprising: 
providing hydrogen (H2) to th^heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectibn with heat from hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

290. The method of claim 254, wherein allowing the heat to transfer comprises 
increasing a permeability of a qlajority of the selected section to greater than about 100 
millidarcy. 



291 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increaiiing a permeability of a majority of the selected section. 
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292. The method of claim 254, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydroc^bons, as measured by the Fischer 
Assay. 

293. The method of claim 254, wherein producing the mixture comprises producing 
the mixture in a production well, and whereijii at least about 7 heat sources are disposed in 
the formation for each production well. 

294. The method of claim 254, further (((omprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in i unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem^ 



295. The method of claim 254, fiither comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and \yherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from/one or more heat sources to at least a portion of the 

formation; 

allowing the heat t^ transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation above 2.0 bar kbsolute; and 

producing a mixrure from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 
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297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section )^ithin a pyrolysis temperature 
range. 

299. The method of claim 296, wherein the one/)r more heat sources comprise 
electrical heaters. 

300. The method of claim 296, wherein the )^ne or more heat sources comprise surface 
burners. 

301. The method of claim 296, wherein jfke one or more heat sources comprise 
flameless distributed combustors. 

302. The method of claim 296, whgfein the one or more heat sources comprise natural 
distributed combustors. 

303. The method of claim 296, further comprising controlling the pressure and a 
temperature within at least a majctt-ity of the selected section of the formation, wherein 
the pressure is controlled as a fui/ction of temperature, or the temperature is controlled as 
a function of pressure, 

304. The method of claim 2^6, further comprising controUmg the heat such that an 
average heating rate of the selected section is less than about 1 per day during 
pyrolysis. 

305. The method of claim 296, wherein providing heat from the one or more heat 
sources to at least the portion' of formation comprises: 
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heating a selected volume {V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation ha^ an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*Cy''Ps / 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, Pb is formation bulk density, aiid wherein the heating rate is less than about 10 
"C/day. / 

306. The method of claim 296, whefein allowing the heat to transfer comprises 
transferring heat substantially by conpuction. 

307. The method of claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sectionAs greater than about 0.5 W/(m °C). 

308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

309. The method of claim/296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

310. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ra^o of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

312. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

313. The method of claim 296, whereinyihe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

314. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfixr. 

315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 Vdhy weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen dontaining compounds, and wherein the oxygen 
containing compounds compris^ phenols. 

3 1 6. The method of claim 2 
hydrocarbons, and wherein grt 
hydrocarbons are aromatic coij 

317. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



>, wherein the produced mixture comprises condensable 
ater than about 20 % by weight of the condensable 
ipounds. 
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318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

iced mixture comprises condensable 
about 30 % by weight of the 

320. The method of claim 296, wherein the/produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about AO % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

321 . The method of claim 296, whej/ein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

322. The method of claim 296, vwierein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

323. The method of claim 290, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

324. The method of claim 296, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



3 1 9. The method of claim 296, wherein the proi 
hydrocarbons, and wherein about 5 % by weight t 
condensable hydrocarbons are cycloalkanes. / 
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326. The method of claim 296, wherein controUing formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

/ 

327. The method of claim 296, further comprising: 
providing hydrogen (H2) to the heated se^ion to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hekt from hydrogenation. 

328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fluther comprising hydrogenating a portion of the 
produced condensable hydrocarbons witM at least a portion of the produced hydrogen. 

329. The method of claim 296, whe/ein allowing the heat to transfer comprises 
increasing a permeability of a majorijiy of the selected section to greater than about 100 
millidarcy. 

330. The method of claim 296, ifvherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

33 1 . The method of claim 296/ further comprising controlling the heat to yield greater 
than about 60 % by weight of cqfndensable hydrocarbons, as measured by the Fischer 
Assay. 

332. The method of claim 296, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



333. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the foimation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation,/wherein three or more of the heat 
sources are located in the formation in a unit of /eat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

335. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more neat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

maintaining a pressure withiri at least a majority of the selected section of the 
formation to above 2.0 bar absolute^ and 

producing a fluid from ther formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1.75. 

336. The method of claim 335, wherein the one or more heat sources comprise at least 
two heat sources, and whereiry superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

337. The method of claii 
maintaining a temperature 
range. 

338. The method of c\mm 335, wherein the one or more heat sources comprise 
electrical heaters. / 

339. The method of claim 335, wherein the one or more heat sources comprise surface 
bumers. 



335, wherein controlling formation conditions comprises 
ithin the selected section within a pyrolysis temperature 
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340. The method of claim 335, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 

341. The method of claim 335, wherein the o^e or more heat sources comprise natural 
distributed combustors. 

342. The method of claim 335, further ci^mprising controlling the pressure and a 
temperature within at least a majority of me selected section of the formation, wherein 
the pressure is controlled as a function pf temperature, or the temperature is controlled as 
a function of pressure. 

343. The method of claim 335, fiarther comprising controlling the heat such that an 
average heating rate of the selectgfl section is less than about 1 °C per day during 
pyrolysis. 

344. The method of claim 365, wherein providing heat from the one or more heat 
sources to at least the portioryof formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyroljpes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eftiergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is/the heating energy/day, his an average heating rate of the 
formation, Pb is formafion bulk density, and wherein the heating rate is less than about 10 
°C/day. 



345. The method of claim 335, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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346. The method of claim 335, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 

/ 

a portion of the selected section is greater than about ,0.5 W/(m °C). 



347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least smout 25°. 

348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbmis are olefins. 

350. The method of claim 32f5, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons mnges from about 0.001 to about 0.15. 

351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and where/in less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



352. The method offclaim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



353. The method 
hydrocarbons, and 
basis, of the 



3f claim 335, wherein the produced mixture comprises condensable 
\ therein less than about 1 % by weight, when calculated on an atomic 
condenbable hydrocarbons is sulfur. 
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354. The method of claim 335, wherein the produced^mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compoui^/s, and wherein the oxygen 
containing compounds comprise phenols. 

5 

355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about/20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 356. The method of claim 335, whereir/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

tfi / 

S 357. The method of claim 335, vmerein the produced mixture comprises condensable 

15 hydrocarbons, and wherein less th^ about 0.3 % by weight of the condensable 

^ hydrocarbons are asphaltenes. 



P 

llj 

20 



358. The method of claim 3p, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



359. The method of claini 335, wherein the produced mixture comprises a non- 
condensable component. Wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein pe hydrogen is less than about 80 % by volume of the non- 
condensable component. 



30 



360. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 

/ 

362. The method of claim 335, further compris^iig controlling formation conditions to 
produce a mixture of condensable hydrocarbon^ and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 ba 



363. The method of claim 335, wherein jflie partial pressure of H2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, furthfer comprising altering the pressure within the 
formation to inhibit production of hycjrocarbons from the formation having carbon 
numbers greater than about 25. 

365. The method of claim 335,Avherein controlling formation conditions comprises 
recirculating a portion of hydrogpn from the mixture into the formation. 

366. The method of claim 3B5, ftirther comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

v^thin the section; and 

heating a portion of tjfie section with heat from hydrogenation. 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons/ the method fiirther comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



368. The method of c\mm 335, wherein allowing the heat to transfer comprises 



increasing a permeability 
millidarcy. 



of a majority of the selected section to greater than about 100 
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369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



370. The method of claim 335, further comprising/controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and whereiii at least about 7 heat sources are disposed in 
the formation for each production well. / 

372. The method of claim 335, furthe^comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iii/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

373. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of imits. 

374. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to/ transfer from the one or more heat sources to a selected 
section of the formation; / 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher amount of non-oondensable components as compared to non-condensable 
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components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 

375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heatyirom at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

376. The method of claim 374, wherein cont/olling formation conditions comprises 
maintaining a temperature within the selected^ection within a pyrolysis temperature 
range. / 

377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. / 

378. The method of claim 374, wherein the one or more heat sources comprise surface 
burners. / 

379. The method of claim 374; wherein the one or more heat sources comprise 
flameless distributed combustoys. 

380. The method of claim 374, wherein the one or more heat sources comprise natural 
distributed combustors. / 

381. The method of claim 374, further comprising controlling the pressure and a 
temperatiure within at least/ a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of jthe selected section is less than about 1 °C per day during 
pyrolysis. | 
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383. The method of claim 374, wherein providing h^t from the one or more heat 
sources to at least the portion of formation comprises;/ 

heating a selected volume (V) of the hydroc^bon containing formation from the 

/ 

one or more heat sources, wherein the formation hAs an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energwday, is an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 10 
^C/day. / 

384. The method of claim 374, vperein allowing the heat to transfer comprises 
transferring heat substantially by oonduction. 

385. The method of claim 374/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0,5 W/(m °C). 

386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

388. The method of ciaim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensabl6 hydrocarbons are olefins. 
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389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar /atio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about OyOOl to about 0.15. 

390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/nitrogen. 

391 . The method of claim 374, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanyabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

392. The method of claim 374/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less Ahan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim i74, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboujf 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

394. The method of cl^m 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherejin greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

395. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprise is multi-ring aromatics with more than two rings. 
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396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 %^by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

397. The method of claim 374, wherein th/produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by yeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkajjes. 

398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein thp non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydyogen is less than about 80 % by volume of the non- 
condensable component. 

399. The method of claimy^74, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of oondensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

402. The method of claim 374, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



403. Themetho 
formation to inhib 
numbers greater 



of claim 374, further comprising altering the pressure within the 
t production of hydrocarbons from the formation having carbon 
than about 25. 
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404. The method of claim 374, further comprising: 

providing hydrogen (H2) to the heated section' to hydrogenate hydrocarbons 
within the section; and j 

heating a portion of the section with heat from hydrogenation. 



405. The method of claim 374, wherein the/produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374, whereTm allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

407. The method of claim 3 74, /wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of/condensable hydrocarbons, as measured by the Fischer 
Assay. 

409. The method of claim 374, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

410. The method of clpm 374, further comprising providing heat from three or more 
heat sources to at least a/portion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 

411. The method ofl claim 374, further comprising providing heat from three or more 
heat sources to at leasi a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

412. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more he^t sources to at least a portion of the 

formation; 

allowing the heat to transfer fron/the one or more heat sources to a selected 
section of the formation such that supe/imposed heat from the one or more heat sources 
pyrolyzes at least about 20 % by weignt of hydrocarbons within the selected section of 
the formation; and 

producing a mixture from the formation. 

413. The method of claim 412( wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature v^thin the selected section within a pyrolysis temperature 
range. 

415. The method of cla/m 412, wherein the one or more heat sources comprise 
electrical heaters. 

416. The method of flaim 412, wherein the one or more heat sources comprise surface 
bumers. 

417. The method cff claim 412, wherein the one or more heat sources comprise 
flameless distributeq combustors. 
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418. The method of claim 412, wherein the one or more heat sources comprise natural 

distributed combustors. / 

/ 

419. The method of claim 412, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

420. The method of claim 412, further pmprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 X per day during 
pyroiysis. / 

421 . The method of claim 412, wMerein providing heat from the one or more heat 
sources to at least the portion of f(mnation comprises: 

heating a selected volume? (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherdln the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes alt least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pm^ is calculated by ithe equation: 

Pwr ^ h'^V^Cy^PB / 

wherein Pwr is the heating energy/day, // is an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

422. The method of cMm 412, wherein allowing the heat to transfer comprises 
transferring heat substanliially by conduction. 

423. The method of claim 412, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by we^ht to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



426. The method of claim 412, wherein Ahe produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

427. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

428. The method of claim 412,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

430. The method of clairn 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is sulfur. 



43 1 . The method of cWim 
hydrocarbons, wherein a^out 



412, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, apd wherein the oxygen 
containing compounds comprise phenols. 



432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %yDy weight of the condensable 
hydrocarbons are aromatic compounds. 

433. The method of claim 412, wherein the pyoduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %r by weight of the condensable 
hydrocarbons comprises multi-ring aromaticsAvith more than two rings. 

434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/O.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %/by weight to about 30 % by weight of the 
condensable hydrocarbons are cycio^kanes. 

436. The method of claim 412, w^ierein the produced mixture comprises a non- 
condensable component, wherein tfie non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

437. The method of claim 4li2, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.06 % by weight of the produced mixture is ammonia. 



438. The method of claim 
wherein the ammonia is used 



12, wherein the produced mixture comprises ammonia, and 
to produce fertilizer. 
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439. The method of claim 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

440. The method of claim 412, further comprising /controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Hi, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

44 1 . The method of claim 412, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

442. The method of claim 412, further coiriprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

444. The method of claim 412, further comprising: 

providing hydrogen (H2) to me heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the seotion with heat from hydrogenation. 

445. The method of claim 412i wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

446. The method of claim 412, wherein allowing the heat to transfer comprises 
increasing a permeability of a/majority of the selected section to greater than about 100 
millidarcy. / 

f 
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447. The method of claim 412, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and whe/ein at least about 7 heat sources are disposed in 
the formation for each production well. / 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of t^ formation, wherein three or more of the heat 
sources are located in the formatioiyin a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

45 1 . The method of claim 4 1 2 i further comprising providing heat from three or more 
heat sources to at least a portions the formation, wherein three or more of the heat 
sources are located in the form^ion in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular ipattem, and wherein a plurality of the units are repeated 
over an area of the formation lo form a repetitive pattern of units. 

452. A method of treating/a hydrocarbon containing formation in situ, comprising: 
providing heat from/one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 2f0 % of hydrocarbons within the selected section of the 
formation; and / 

producing a mixmre from the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25°. 
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453 . The method of claim 452, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat frorn at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heaters. / 

456. The method of claim 452, whereinythe one or more heat sources comprise surface 
bumers. / 

457. The method of claim 452, wheriein the one or more heat sources comprise 
flameless distributed combustors. / 

458. The method of claim 452, wherein the one or more heat sources comprise natural 
distributed combustors. / 

459. The method of claim 452/further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a mnction of temperature, or the temperature is controlled as 
a function of pressure. / 

460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 ^'C per day during 
pyrolysis. / 

461 . The method of claim 452, wherein providing heat from the one or more heat 
sources to at least the pordon of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrqcarbons v^thin the selected volume of 
the formation; and 

wherein heating energy/day provided the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /2*F*Cv*/?5 

wherein Pwr is the heating energy/flay, his an average heating rate of the 
formation, ps is formation bulk density, ^d wherein the heating rate is less than about 10 
°C/day. 

462. The method of claim 452, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °G). 

464. The method of claim 432, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

465. The method of clainy 452, wherem the produced mixture comprises non- 
condensable hydrocarbons, /and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



466. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroger 



468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxvgen. 

469. The method of claim 452, whereinAhe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons /s sulfur. 

470. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise/phenols. 

471 . The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

473. The method of/claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asrihaltenes. 
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474. The method of claim 452, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein about 5 % by weight to aboiit 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conde^nsable component comprises hydrogen, 
wherein the hydrogen is greater than about lQ/% by volume of the non-condensable 
component, and wherein the hydrogen is les/than about 80 % by volume of the non- 
condensable component. / 

476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

478. The method of claim 45fi, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

480. The method of claim 452, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



48 1 . The method o| claim 452, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
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482. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

483. The method of claim 452, further comprising: 

providing hydrogen (H2) to the heated secftion to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

484. The method of claim 452, wherein me produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprismg hydrogenating a portion of the 
produced condensable hydrocarbons wim at least a portion of the produced hydrogen. 

485. The method of claim 452, whferein allowing the heat to transfer comprises 
increasing a permeability of a majo/ity of the selected section to greater than about 100 
millidarcy. / 

486. The method of claim 45£, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

487. The method of clainy452, further comprising controlling the heat to yield greater 
than about 60 % by weight/of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

488. The method of claim 452, wherein producing the mixture comprises producing 
the mixture in a producmon well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

489. The method of claim 452, further comprising providing heat from three or more 
heat sources to at le^t a portion of the formation, wherein three or more of the heat 
sources are located m the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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490. The method of claim 452, further comprising prj>viding heat from three or more 
heat sources to at least a portion of the formationywherein three or more of the heat 
sources are located in the formation in a unit of Heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

491 . A method of treating a layer of a hydrocarbon containing formation in situ, 
comprising; / 

providing heat from one or more heat sources to at least a portion of the layer, 
wherein the one or more heat sources Are positioned proximate an edge of the layer; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation; and 

producing a mixture fronVthe formation. 

492. The method of claim 491 , wherein the one or more heat sources are laterally 
spaced from a center of the layer. 

493. The method of claim/491, wherein the one or more heat sources are positioned in 
a staggered line. / 

494. The method of cla/m 491, wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more heat sources. 

495. The method of ilaim 49 1 , wherein the one or more heat sources positioned 
proximate the edge of the layer can increase the volume of formation xmdergoing 
pyrolysis per unit of energy input to the one or more heat sources. 
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496. The method of claim 491 , wherein the one or more heat sources comprise 
electrical heaters. / 

497. The method of claim 491 , wherein the onp or more heat sources comprise surface 
burners. / 

498. The method of claim 491 , wherein the one or more heat sources comprise 
flameless distributed combustors. / 

499. The method of claim 491 , wherein the one or more heat sources comprise natural 
distributed combustors. / 

500. The method of claim 491 , further comprising controlling a pressure and a 
temperature within at least a majomty of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

501. The method of claim 49 1 , further comprising controlling the heat such that an 
average heating rate of the seLected section is less than about 1 .0 ° C per day during 
pyrolysis. / 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portipn of the layer comprises: 

heating a selected volume iV)of the hydrocarbon containing formation from the 
one or more heat sourcesi wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrcAyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr^hWms 
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wherein Pwr is the heating energy/day, hisjii average heating rate of the 
formation, pB is formation bulk density, and wherem the heating rate is less than about 10 
°C/day. / 

503. The method of claim 491 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater man about 0.5 W/(m ^C). 

504. The method of claim 491 , wherem the produced mixture comprises condensable 
hydrocarbons having an API gravity oyat least about 25°. 

505. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about o/l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 49l/ wherein the produced mixture comprises non- 
condensable hydrocarbons, andAvherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

507. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

508. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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510. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 



511. The method of claim 49 1 , wherein 
hydrocai'bons, and wherein greater than ab< 
hydrocarbons are aromatic compomds. / 



he produced mixture comprises condensable 
>ut 20 % by weight of the condensable 



512. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aJbout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring a/omatics with more than two rings. 

513. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

514. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein atoout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

515. The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component,/wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

516. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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517. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 

518. The method of claim 49 1 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

519. The method of claim 49 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0/5 bar. 

520. The method of claim 519, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

521 . The method of claim 491, mrther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

522. The method of claim 491 , further comprising controlling formation conditions, 
wherein controlling formation /conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

523. The method of claim/491 , further comprising: 

providing hydrogen /H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion off the section with heat from hydrogenation. 

524. The method of claim 491, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 
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525. The method of claim 491 , wherein allowing the heal! to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

526. The method of claim 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

527. The method of claim 491 , further comprisinef controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

528. The method of claim 491 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

529. The method. of claim 491, further comprising providing heat from three or more 
heat sources to at least a portion of the fomiation, wherein three or more of the heat 
sources are located in the formation in a nnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

530. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the imits are repeated 
over an area of the formation to form a repetitive pattern of units. 

531. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and/ 
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controlling a pressure and a temperature within at least a rpajority of the selected 
section of the formation, wherein the pressure is controlled as a ^function of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 

532. The method of claim 531, wherein the one or mor^ heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

533 . The method of claim 531, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

534. The method of claim 53 1 , wherein ti^ one or more heat sources comprise 
electrical heaters. 

535. The method of claim 53 1 , wherei/i the one or more heat sources comprise surface 
burners. 

536. The method of claim 531, wh/^rein the one or more heat sources comprise 
flameless distributed combustors. 

537. The method of claim 53 1 ,/wherein the one or more heat sources comprise natural 
distributed combustors. 

538. The method of claim 53 1 , fiirther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

539. The method of claim 53 1, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (^0 of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an avferage heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbon^ within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the vmume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h'^V^C^^PB / 

wherein Pwr is the heating energy/day, ^is an average heating rate of the 
formation, ps is formation bulk density, and wKerein the heating rate is less than about 10 
T/day. / 

540. The method of claim 53 1 , wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541 . The method of claim 53 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is /greater than about 0.5 W/(m °C). 

542. The method of claim 53/, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

543 . The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiri about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

544. The method of alaim 531, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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545. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of etMene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 546. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/. 

547. The method of claim 53 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 f/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

y 548. The method of claim 531, wherem the produced mixture comprises condensable 

M hydrocarbons, and wherein less than abbut 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 



y] 549. The method of claim 53 1 , vyherein the produced mixture comprises condensable 

P hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

J: hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds compris^ phenols. 

O 

550. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



551. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprisesf multi-ring aromatics with more than two rings. 
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552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight/to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

554. The method of claim 53 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-c/ondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen isi less than about 80 % by volume of the non- 
condensable component. / 

555. The method of claim 531, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % i^y weight of the produced mixture is anmionia. 

556. The method of claim 531 7 wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

557. The method of claim 5B 1 , wherein the controlled pressure is at least about 2.0 bar 
absolute. / 

558. The method of claim 53 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

559. The method of cl; 
mixture is at a productioi 



531, wherein the partial pressure of H2 is measured when the 
' well. 
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560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the foF^nation having carbon 
numbers greater than about 25. 

561 . The method of claim 53 1 , wherein controlling ftJrmation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



10 



562. The method of claim 53 1 , frirther comprising: 

providing hydrogen (H2) to the heated se9xion to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with hekt from hydrogenation. 



15 



o 
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563. The method of claim 53 1, wherein me produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons witn at least a portion of the produced hydrogen. 

564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majori^ of the selected section to greater than about 100 
millidarcy. 

565. The method of claim 53 1, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



566. The method of claim 53 1, fiirther comprising controlling the heat to yield greater 
25 than about 60 % by weight of/condensable hydrocarbons, as measured by the Fischer 
Assay. 



30 



567. The method of claiiii 531, wherein producing the mixture comprises producing 
the mixture in a productio^ well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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568. The method of claim 53 1 , further comprising providing^eat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sourcesVand wherein the unit of heat 
sources comprises a triangular pattern. / 

569. The method of claim 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whe/ein three or more of the heat 
sources are located in the formation in a unit of heat /ources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein/a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

570. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heay sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling API gravity of the Produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
ip) set forth in the following equation for an assessed average temperature (7) in the 
selected section: / 

I p ^ ^[-44000/7 +67] 

where p is measured in psia and iT is measured in " Kelvin. 

571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 30 degrees API, and wherein the equation is: 

/ D = ^f-S1000/T+ 51J 
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572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

[-22000/7-^38] 
= e J 

573. The method of claim 570, wherein the one c/r more heat sources comprise at least 
two heat sources, and wherein superposition of hdat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the^selected section of the formation. 

574. The method of claim 570, wherein cMitroUing the average temperature comprises 
maintaining a temperature in the selected sofction within a pyrolysis temperature range. 

575. The method of claim 570, wherein the one or more heat sources comprise 
electrical heaters. / 

576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. / 

577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

578. The method of claim 570/ wherein the one or more heat sources comprise natural 
distributed combustors. / 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

580. The method of clainj 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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581. The method of claim 570, wherein providing hpt from the one or more heat 
sources to at least the portion of formation comprises^ 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation nas an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hyd/ocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided /o the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr - A*F*Cv*/)b 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, pB is formation bulk density/ and wherein the heating rate is less than about 10 
T/day. 



15 582. The method of claim 570, wnerein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 



583. The method of claim 570/ wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 



584. The method of claim 370, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



585. The method of claim 
condensable hydrocarbons, 
of the non-condensable hydrocarbons 



570, wherein the produced mixture comprises non- 
and wherein about 0. 1 % by weight to about 15 % by weight 
are olefins. 



357 



Conley, Rose & Tayon, P.C. 



586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of^ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to ^bout 0.15. 

587. The method of claim 570, wherein the prodi/ced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % hy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroaen. 

588. The method of claim 570, wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein less than about i % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons isyoxygen. 

589. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %py weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

591 . The method of claim 5^0, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereim less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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593. The method of claim 570, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

594. The method of claim 570, wherein the proauced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighy to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

595. The method of claim 570, wherein tj/e produced mixture comprises a non- 
condensable component, wherein the non-jcondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %py weight of the produced mixture is ammonia. 

597. The method of claim 570/ wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used tcy produce fertilizer. 

598. The method of claim 370, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greate^ than about 0.5 bar. 

599. The method of cL 
mixture is at a productioi 

600. The method of claim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



^m 570, wherein the partial pressure of H2 is measured when the 
well. 
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601. The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

602. The method of claim 570, further comprising: 
providing hydrogen (H2) to the heate^ section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section witifi heat from hydrogenation. 

603. The method of claim 570, wherean the produced mixture comprises hydrogen and 
condensable hydrocarbons, the methodr further comprising hydrogenating a portion of the 
produced condensable hydrocarbons ^ith at least a portion of the produced hydrogen. 

604. The method of claim 570, Wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

605. The method of claim 57(7, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



608. The method of claim 570, fiuther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in 



sources comprises a triangular pattern 



he formation in a imit of heat sources, and wherein the unit of heat 
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609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a murality of the units are repeated 

5 over an area of the formation to form a repetitive pattem of units. 

610. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion of a hydrocarbon containing formation such 

that a temperature (T) in a substantial part of tne heated portion exceeds 270 °C and 
10 hydrocarbons are pyrolyzed within the heated portion of the formation; 

controlling a pressure (p) within at 1/east a substantial part of the heated portion of 
the formation; 

wherein p is the pressure in bar absolute and T is the temperature in degrees K, 

f= / 

^ 15 and A and B are parameters that are larger than 10 and are selected in relation to the 
characteristics and composition of theiiydrocarbon containing formation and on the 
U1 required olefin content and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

I 

20 611. The method of claim 610, wherein A is greater than 14000 and B is greater than 
p about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 

carbon number lower than 25 aim comprise less than about 10 % by weight of olefins. 

612. The method of claim 6l0, wherein T is less than about 390 °C, p is greater than 
25 about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 

majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins. 

613. The method of claim 610, wherein T is less than about 390 ^'C, p is greater than 
30 about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 



o 
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produced pyrolyzed hydrocarbon fluids have an average caroon number lower than about 
21. 

614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less thar/ about 3°C per day during 
pyrolysis. 

615. The method of claim 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the Hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least som^ hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatiop: 

wherein Pwr is the heating ene^y/day, his an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

616. The method of claim 610, wiierein heat is transferred substantially by conduction 
from one or more heat sources locqjced in one or more heat sources to the heated portion 
of the formation. 



617. The method of claim 616/ wherein the heat sources comprise heaters in which 
hydrocarbons are either injected /into a heaters or released by the hydrocarbon containing 
formation adjacent to a heater bv an oxidant injected into the heater in or adjacent to 
which the combustion occurs amd wherein at least part of the produced combustion gases 
are vented to surface via the hekter in which the combustion occurs. 
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618. The method of claim 617, wherein heat is transfeifred substantially by conduction 
from one or more heat sources to the heated portion of me formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m X and the permeability of said part 
increases substantially uniformly to a value greatey than 1 Darcy. 

6 1 9. The method of claim 6 1 0, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and Hfe, wherein a partial pressure of H2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 

620. The method of claim 6 1 9, further c/mprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids ^pth at least a portion of the produced hydrogen 
and heating the fluids with heat from hvflrogenation . 

62 1 . The method of claim 610, wherein the hydrocarbon containing formation is a coal 
seam and at least about 70% of the hydrocarbon content of the coal, when such 
hydrocarbon content is measured by /a Fischer assay, is produced from the heated portion 
of the formation. 

622. The method of claim 610, whe/ein the substantially gaseous pyrolyzed hydrocarbon 
fluids are produced from a production well, the method further comprising heating a 
wellbore of the production well t^ inhibit condensation of the hydrocarbon fluids within 
the wellbore. 



623. A method of treating a Hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture fi om the formation; and 
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controlling a weight percentage of olefins of the/produced mixture to be less than 
about 20 % by weight by controlling average pressure^and average temperature in the 
selected section such that the average pressure in tht selected section is greater than the 
pressure (p) set forth in the following equation foy an assessed average temperature (7) in 
the selected section: 

p = ^[-57000/7^83] 

where p is measured in psia and T is measured in ° Kelvin. 

624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be le/s than about 10 % by weight, and wherein the 
equation is: 

J-16000/T+28] 



Q 

m 



15 625. The method of claim 623, wherein the weight percentage of olefins of the 

produced mixture is controlled to jbe less than about 5 % by weight, and wherein the 
equation is: 

p = ^f-r2000/T+22]_ 



fU 20 

6 



626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and whereiry superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



25 



627. The method of claiif 623, wherein the one or more heat sources comprise 
electrical heaters. 



628. The method of cl^m 623, wherein the one or more heat sources comprise surface 
bumers. 



30 629. The method of c 

flameless distributed combustors 



aim 623, wherein the one or more heat sources comprise 
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630. The method of claim 623, wherein the one or more hea/ sources comprise natural 
distributed combustors. 

63 1 . The method of claim 623, fiirther comprising controlling a temperature within at 
least a majority of the selected section of the formation, M^herein the pressure is 
controlled as a function of temperature, or the temperapre is controlled as a function of 
pressure. 

632. The method of claim 63 1 , wherein contromng an average temperature comprises 
maintaining a temperature within the selected s9Ction within a pyrolysis temperature 
range. 

633. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected sectiop is less than about 3.0 °C per day during 
pyrolysis. 

634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

635. The method of claim 623, Avherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volumfe (V) of the hydrocarbon containing formation from the 
one or more heat sources, whecein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes/at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eneriy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = hWCy'^pB 
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wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

637. The method of claim 623, wherein provicUng heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein me produced mixture comprises condensable 
hydrocarbons having an API gravity of at/ least about 25°. 

639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.l/% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

640. The method of claim 623 /wherein the produced mixture comprises non- 
condensable hydrocarbons, andywherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrooarbons are olefins. 

641 . The method of clainy 623, wherein the produced mixture comprises non- 
condensable hydrocarbonsVand wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

642. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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643. The method of claim 623, wherein the produced mi?mire comprises condensable 
hydrocarbons, and wherein less than about 1 % by weightj/when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur/ 

645. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

646. The method of claim 623, w/ierein the produced mixture comprises condensable 
hydrocarbons, and wherein greatei/ than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mmti-ring aromatics with more than two rings. 

648. The method of claam 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and vsperein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



650. Themethoc 
condensable 



of claim 623, wherein the produced mixture comprises a non- 
comp6nent, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 %/by volume of the non- 
condensable component. / 

65 1 . The method of claim 623 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

652. The method of claim 623, wherein the procmced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilize/ 

653. The method of claim 623, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

654. The method of claim 623, wher/in the partial pressure of H2 is measured when the 
mixture is at a production well. 

655. The method of claim 623, : 
formation to inhibit production of 
numbers greater than about 25. / 

656. The method of claim 62S, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of claim/623, fiirther comprising: 
providing hydrogen/(H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion a£ the section with heat from hydrogenation. 



ther comprising altering a pressure within the 
iydrocarbons from the formation having carbon 
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658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising/nydrogenating a portion of the 
produced condensable hydrocarbons with at least a portLon of the produced hydrogen. 

659. The method of claim 623, wherein allowing me heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
miUidarcy. / 

660. The method of claim 623, wherein allmving the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of claim 623, furtherycomprising controlling the heat to yield greater 
than about 60 % by weight of condensaple hydrocarbons, as measured by the Fischer 
Assay. / 

662. The method of claim 623, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production/ well. 

663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

664. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the jfbrmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triani^lar pattern, and wherein a plurality of the units are repeated 
over an area of the formaftion to form a repetitive pattern of units. 

665. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; / * 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons ^)lthin the selected section; 

producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weight by ofontrolling average pressure and average 
temperature m the selected section such that theykverage pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 
temperature (7) in the selected section: 

p = ^[ll4000/T-^25] 

where p is measured in psia and T is measured in " Kelvin. 

666. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixturjfe is controlled to be less than about 20 % by 
weight, and wherein the equation is: 

/ [-16000/7 + 28] 

667. The method of claim 662, Wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 15 % by 
weight, and wherein the equatio^ is: 

p = ^[-18000/T+32J 

668. The method of claim 662, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydr(3carbons v^thin the selected section of the formation. 

669. The method of claiip 662, wherein the one or more heat sources comprise 
electrical heaters. 
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670. The method of claim 662, wherein the one or more heat sources comprise surface 
burners. | 

671. The method of claim 662, wherein the one or more hoat sources comprise 
flameless distributed combustors. / 

672. The method of claim 662, wherein the one or more heat sources comprise natural 
distributed combustors. / 

673. The method of claim 662, further comprisin^controUing a temperature within at 
least a majority of the selected section of the formanon, wherein the pressure is 
controlled as a function of temperature, or the teniperature is controlled as a function of 
pressure. / 

674. The method of claim 673, wherein coniroUing the temperature comprises 
maintaining a temperature within the selectea section within a pyrolysis temperature 
range. / 

675. The method of claim 662, further/comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

676. The method of claim 662, vmerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzesyat least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated ay the equation: 

Pwr = A*F*Cv*)95 / 
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wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pa is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

677. The method of claim 662, wherein allowing the heat to/iransfer comprises 
transferring heat substantially by conduction. / 

678. The method of claim 662, wherein providing heat/irom the one or more heat 
sources comprises heating the selected section such that/a thermal conductivity of at least 
a portion of the selected section is greater than about Op W/(m °C). 

679. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°, 

680. The method of claim 662, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by we/ght to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

68 1 . The method of claim 662, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein amiolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from afcout 0.001 to about 0.15. 

682. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

683. The method of claim 662, 
hydrocarbons, and wherein less tl 
basis, of the condensable hydrocs 



/herein the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
rbons is oxygen. 
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684. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

685. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight Xp about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing j^mpounds, and wherein the oxygen 
containing compounds comprise phenols. 

686. The method of claim 662, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compoimds. 

687. The method of claim 662; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mum-ring aromatics with more than two rings. 

688. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

689. The method oyclaim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

690. The method of claim 662, wherein the produced mixture comprises a non- 
condensable comjponent, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, ana wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



V 
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691. The method of claim 662, wherein the produced mixtiire comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

692. The method of claim 662, wherein the producednnixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 

693. The method of claim 662, further compri^ng controlling formation conditions to 
produce a mixture of condensable hydrocarbon/ and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

694. The method of claim 662, wherein me partial pressure of H2 is measured when the 
mixture is at a production well. / 

695. The method of claim 662, furthfer comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

696. The method of claim 662/ further comprising: 

providing hydrogen (Ht/) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

697. The method of clapi 662, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fiuther comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. The method or claim 662, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 



374 



Conley, Rose & Tayon, P.C. 



699. The method of claim 662, wherein allowing the heat t6 transfer comprises 
substantially uniformly increasing a permeability of a majonty of the selected section. 

700. The method of claim 662, further comprising ccmtrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

701 . The method of claim 662, wherein prodiicmg the mixture comprises producing 
the mixture in a production well, and whereiii at least about 7 heat sources are disposed in 
the formation for each production well. / 

702. The method of claim 662, further comprising providing heat from three or more 
heat sources to at least a portion of ihd formation, wherein three or more of the heat 
sources are located in the formation /n a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

703 . The method of claim 662, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

704. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat fifom one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the format/on to raise an average temperature within the selected section to, or 
above, a temperature! that will pyrolyze hydrocarbons within the selected section; 

producing a/mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about /l .7 by controlling average pressure and average temperature in the 
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selected section such that the average pressure in the selected section is greater than the 
pressure {p) set forth in the following equation for an assessed ^erage temperature (7) in 
the selected section: 

p = ^f-38000/T+6IJ 

where p is measured in psia and T is measured in ° Kelvi 

705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than aroout 1.8, and wherein the equation is: 

p = ^[-I300o/+24j^ 

706. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1 .9, and wherein the equation is: 

p ^/^[-8000/T+ 18] 

707. The method of claim 704, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superoosition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

708. The method of claim 70/, wherein the one or more heat sources comprise 
electrical heaters. 

709. The method of clain/ 704, wherein the one or more heat sources comprise surface 
burners. 

710. The method of cl^im 704, wherein the one or more heat sources comprise 
flameless distributed combustors. 



711. The method of claim 704, wherein the one or more heat sources comprise natural 
distributed combustors. 
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712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, whe^in the pressure is 
controlled as a function of temperature, or the temperature/is controlled as a function of 
pressure. / 

713. The method of claim 712, wherein controUmg the temperature comprises 
maintaining a temperature within the selected secxion within a pyrolysis temperature 
range. / 

714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

715. The method of claim 704, ^^4lerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzesT at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating en^frgy/day provided to the volume is equal to or less than Pw^r, 
wherein Pwr is calculatea by the equation: 

Pwr = hWC^'^Js 

wherein Pwr isythe heating energy/day, /z is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
^C/day. / 

716. The methocy of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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717. The method of claim 704, wherein providing he;at from the one or more heat 
sources comprises heating the selected section such tliat a thermal conductivity of at least 
a portion of the selected section is greater than abojut 0.5 W/(m °C). 

718. The method of claim 704, wherein the/produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

720. The method of claim 704/wherein the produced mixture comprises non- 
condensable hydrocarbons, andAvherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrociarbons are olefins. 

721 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarboiis ranges from about 0.001 to about 0.15. 

722. The method or claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

723. The metnod of claim 704, wherein the produced mixture comprises condensable^ 
hydrocarbons,yand wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The/method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. 
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725. The method of claim 704, wherein the produced/mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to aboutoO % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

726. The method of claim 704, wherein the produced mixtxire comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds./ 

727. The method of claim 704, wHerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

728. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

730. The method ov claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

73 1 . The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater man about 0.05 % by weight of the produced mixture is ammonia. 
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732. The method of claim 704, wherein the produce4 mixture comprises ammonia, and 
wherein the ammonia is used to produce fertiUzer. / 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarborls and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 jzmr. 

734. The method of claim 704, wherem the partial pressure of H2 is measured when the 
mixture is at a production well. / 

735. The method of claim 704, mrther comprising altering a pressure within the 
formation to inhibit production 0/ hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

736. The method of claimy/04, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704, farther comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; ana 

heating a pomon of the section with heat from hydrogenation. 

738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 
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740. The method of claim 704, wherein allowing the heat to t/ansfer comprises 
substantially imiformly increasing a permeability of a majority of the selected section, 

741 . The method of claim 704, further comprising coimolling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbo/s, as measured by the Fischer 

Assay. / 

742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein 2ft least about 7 heat sources are disposed in 

10 the formation for each production well. / 

743. The method of claim 704, further comprising providing heat from three or more 
O heat sources to at least a portion of the ftirmation, wherein three or more of the heat 

5 sources are located in the formation inya unit of heat sources, and wherein the unit of heat 

^7 1 5 sources comprises a triangular pattern. 

ISl 744. The method of claim 704, mrther comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
U Qver an area of the formation lo form a repetitive pattem of units. 

745. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 
25 formation; / 

allowing the heat/to transfer from the one or more heat sources to a selected 
section of the formation/ 

controlling a pressure-temperature relationship within at least the selected section 
of the formation by selected energy input into the one or more heat sources and by 
30 pressure release from me selected section through wellbores of the one or more heat 
sources; and / 
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producing a mixture from the formation. / 

746. The method of claim 745, wherein the one or more tieat sources comprise at least 
two heat sources, and wherein superposition of heat from/at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selects section of the formation. 

747. The method of claim 745, wherein the one px more heat sources comprise at least 
two heat sources. / 

748. The method of claim 745, wherein th/ one or more heat sources comprise surface 
bumers. / 

749. The method of claim 745, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

750. The method of claim 745,ywherein the one or more heat sources comprise natural 
distributed combustors. / 

75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of clafim 745, further comprising controlling the heat such that an 
average heating rate of me selected section is less than about 1 °C per day during 
pyrolysis. / 

753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a sdected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is eojual to or less than Pwr, 

wherein Pwr is calculated by the equation: / 
Pwr = /z * F*Cv *Pb / 
wherein Pwr is the heating energy/day, /z is an average heating rate of the 

formation, Pb is formation bulk density, and wherein tho^ieating rate is less than about 10 

°C/day. / 

754. The method of claim 745, wherein allowi/g the heat to transfer comprises 
transferring heat substantially by conduction. / 

755. The method of claim 745, wherein nfoviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

757. The method of claim 745ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are^lefins. 

758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

759. The method of dlaim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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760. The method of claim 745, wherein the produced mixtoe comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, >^hen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / / 

761 . The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b/ weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than aboift 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsyis sulfur. 

763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

764. The method of claim M5, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic/compounds. 

765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The method q|i claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight p about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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768. The method of claim 745, wherein me produced mixture comprises a non- 
condensable component, wherein the nonTCondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydroger^s less than about 80 % by volume of the non- 
condensable component. 

769. The method of claim 745/wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

770. The method of claimy745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

771 . The method of cFaim 745, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

772. The methoa of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein the partial pressure of H2 within 
the mixture is greater than about 0.5 bar. 



25 773. The mechod of claim 745, further comprising controlling formation conditions to 
produce a mimire of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the miicture is greater than about 0.5 bar. 



30 



774. The method of claim 745, wherein the partial pressure of H2 is measured when the 
mixture is aft a production well. 
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775. The method of claim 745, further comprising aUering a pressure within the 
formation to inhibit production of hydrocarbpns from the formation having carbon 
numbers greater than about 25. / 

776. The method of claim 745, whermn controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

777. The method of claim 745, mrther comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

778. The method of clainii 745, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method ftirther comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

779. The method oyclaim 745, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

780. The methdd of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

78 1 . The method of claim 745, fiuther comprising controlling the heat to yield greater 
than about 6u % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

782. Thi method of claim 745, wherein producing the mixture comprises producing 
the mixtuije in a production well, and wherein at least about 7 heat sources are disposed in 
the formal ion for each production well. 
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783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formatic/n, wherein three or more of the heat 
sources are located in the formation in a unityof heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

784. The method of claim 745, furthe^r comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating si hydrocarbon containing formation in situ, comprising: 
heating a selected volume {f) of the hydrocarbon containing formation, wherein 
formation has an average hfeat capacity (Cy), and wherein the heating pyrolyzes at least 
some hydrocarbons withm the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr^hWCrpB 

wherein Pwr isihe heating energy/day, /z is an average heating rate of the formation, 
pB is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 

786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

787. The nibthod of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 

788. The hiethod of claim 785, wherein heating a selected volume comprises heatmg 
with a flameless distributed combustor. 



\ 
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789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. / / 



790. The method of claim 785, further comprising controlling a pressure and a 
temperature within at least a majority of th^ selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

791 . The method of claim 785yfurther comprising controlling the heating such that an 
average heating rate of the selected volume is less than about 1 °C per day during 
pyrolysis. / 

792. The method of clainv 785, wherein a value for Cv is determined as an average heat 
capacity of two or more samples taken from the hydrocarbon containing formation. 

793. The method of claim 785, wherein heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method ot claim 785, wherein heating the selected volume comprises heating 
the selected section ^ch that a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 

795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, ai d wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hyc rocarbons are olefins. 
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797. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 %4)y weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. / 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a mmar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

799. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aWout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

801. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

803. The method pf claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight o0he condensable 
hydrocarbons comprises multi-ring aromatics with more tMn two rings. 

805. The method of claim 785, wherein the producea mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by ^eight of the condensable 
hydrocarbons are asphaltenes. 

806. The method of claim 785, wherein the woduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by wei^t to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanesV 

807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than pout 10 % by volume of the non-condensable 
component, and wherein the hydrogjin is less than about 80 % by volume of the non- 
condensable component. 

808. The method of claim 78 x wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.03 % by weight of the produced mixture is ammonia. 

809. The method of clainy785, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 

810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absdlute. 



811. The method or claim 785, further comprising controlling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 



813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbonyfrom the formation having carbon 
numbers greater than about 25. 

814. The method of claim 785, wherein ytontrolling formation conditions comprises 
recirculating a portion of hydrogen from me mixture into the formation. 

815. The method of claim 785, flirtner comprising: 
providing hydrogen (H2) to tjde heated volume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of the volume with heat from hydrogenation. 



8 1 6. The method of claim 785, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, me method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

8 1 7. The method of claim 785, further comprising increasing a permeability of a 
majority of the selectecy volume to greater than about 100 millidarcy. 

818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 



8 1 9. The metho^ of claim 785, further comprising controlling the heat to yield greater 
than about 60 % Hy weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



V 
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820. The method of claim 785, wherein producing the mixtiu^e comprises producing 
the mixture in a production well, and wherein at least about Tneat sources are disposed in 
the formation for each production well. / 

82 1 . The method of claim 785, further comprising/roviding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of h^t sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

822. The method of claim 785, further coiftprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a yiiit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, amd wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

823. A method of treating a hydcbcarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that wiW pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 
heating rate of the selected section rises by less than about 3 °C per day when the average 
temperature of the selected section is at, or above, the temperature that will pyrolyze 
hydrocarbons within the/selected section; and 

producing a mimire from the formation. 

824. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; 
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limiting energy input into the one or more heat sources ^ inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise average temperature of the 
selected section above the first temperature when produ9aon of formation fluid declines 
below a desired production rate. 

825. The method of claim 823, controlling heat Output comprises: 
raising the average temperature within the selected section to a first temperature 

that is at or above a minimum pyrolysis tempe/ature of hydrocarbons within the 
formation; 

limiting energy input into the one o/ more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first tempemture when quality of formation fluid produced 
from the formation falls below a desired quality. 

826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat firom at least the two heat sources 
pyrolyzes at least some hydrocairbons within the selected section. 

827. The method of claim ^23, wherein the one or more heat sources comprise 
electrical heaters. 

828. The method of cla/m 823, wherein the one or more heat sources comprise surface 
burners. 

829. The method of ilmm 823, wherein the one or more heat sources comprise 
flameless distributed cpmbustors. 



830. The method ctf claim 823, wherein the one or more heat sources comprise natural 
distributed combustdrs. 



V 
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83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

832. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 

833. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

834. The method of claim 823, wherein pmviding heat from the one or more heat 
sources to at least the portion of formation Comprises: 

heating a selected volume (F) of ttie hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr ^ hW^Cy^'^pB / 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, ps is formation bulkyflensity. 

835. The method of claim 
transferring heat substantiallj 

836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected spction is greater than about 0.5 W/(m °C). 
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523, wherein allowing the heat to transfer comprises 
by conduction. 



837. The method of claim 823, wherein the produced mixture copiprises condensable 
hydrocarbons having an API gravity of at least about 25*^ 

838. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about p % by weight of the 
condensable hydrocarbons are olefins. 

839. The method of claim 823, wherein the producoa mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarboi/s have an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the coniiensable hydrocarbons. 

840. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than abput 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less man about 0.10 and wherein the ratio of ethene to 
ethane is greater than about O.OO/. 

842. The method of claim 8^3, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons j/s less than about 0.05 and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



843. The method of cpim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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844. The method of claim 823, wherein the produced mixture cofhprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whenxalculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

845. The method of claim 823, wherein the produced rnixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

846. The method of claim 823, wherein the^oduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/o about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenolsr 

847. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater/than about 20 % by weight of the condensable 
hydrocarbons are aromatic compiSunds. 

848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Jess than about 5 % by weight of the condensable 
hydrocarbons comprises rrtulti-ring aromatics with more than two rings. 

849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 

850. The methoa of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

85 1 . The meliiod of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the\non-condensabIe 
component, and wherein the hydrogen is less than about 80 % bj volume of the non- 
condensable component. 

852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the anmionia is used to produce fertilizery 



854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of the forijpation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

855. The method of claim 823, further comprising controlling formation conditions to 
produce a mixture of condensable hycttocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

856. The method of claim 823, ^herein the partial pressure of H2 is measured when the 
mixture is at a production well. 

857. The method of claim 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
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providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with heat from hydrog^tion. 

860. The method of claim 823, wherein the produced mijcture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a pomon of the produced hydrogen. 

861 . The method of claim 823, wherein allowing^ the heat to transfer comprises 
increasing a permeability of a majority of the sel^ted section to greater than about 100 
millidarcy. 

862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

863. The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 % by weight of conder^sable hydrocarbons, as measured by the Fischer 
Assay. 

864. The method of claim 823/ wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

865. The method of clainy 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triarigular pattern. 

866. The method of dlaim 823, further comprising providing heat from three or more 
heat sources to at least/a portion of the formation, wherein three or more of the heat 
sources are located in me formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units/f 

867. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to a^ average temperature above 
about 270 °C; / 

allowing the heat to transfer from the one or rafore heat sources to the selected 
section of the formation; / 

controlling the heat from the one or more l/eat sources such that an average 
heating rate of the selected section is less than aj/out 3 °C per day during pyrolysis; and 

producing a mixture from the formation. 

868. The method of claim 867, wherein ttte one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, wherein the one or more heat sources comprise 
electrical heaters. / 

870. The method of claim 867, mrther comprising supplying electricity to the electrical 
heaters substantially during non-peak hours. 

871 . The method of claim 8o7, wherein the one or more heat sources comprise surface 
burners. / 

872. The method of claim 867, wherein the one or more heat sources comprise 
flameless distributed combSustors. 

873. The method of c/aim 867, wherein the one or more heat sources comprise natural 
distributed combustors/ 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or tj/e temperature is controlled as 
a function of pressure. 




875. The method of claim 867, wherein the heat is iiirther controlled such that an 
average heating rate of the selected section is less tl^m about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim 867, wherein the heat is further controlled that an average 
heating rate of the selected section is less than about 1 .5 °C per day during pyro lysis. 

877. The method of claim 867, whereiiythe heat is further controlled such that an 
average heating rate of the selected sectipn is less than about 1 °C per day during 
pyrolysis. 

878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of fonnation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes ai least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated b)/the equation: 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, Pb is formation/bulk density. 

879. The method of ckim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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880. The method of claim 867, wherein providing h|eat from the one or more heat 
sources comprises heating the selected section such mat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

881 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leapt about 25°. 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 Vofby weight to about 15 % by weight of the 
condensable hydrocarbons are olefinSj/ 

883. The method of claim 867, xViierein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

884. The method of claim 8o7, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons /s less than about 0. 15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

885. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, / 

888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than/about 20 % by weight of the condensable 
hydrocarbons are aromatic compound^. 

890. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

891 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

892. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

893. The method oflclaim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

895. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertili^r. 

896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressxxre is at 
least about 2.0 bar absolute. / 

897. The method of claim 867, furmer comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

898. The method of claim 89X wherein the partial pressure of H2 is measured when the 
mixture is at a production well./ 

899. The method of claim 867, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about/25. 

900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of Aiydrogen from the mixture into the formation. 

901 . The method of daim 867, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and/ 

heating a portion of the section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further coraprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least A portion of the produced hydrogen. 

903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the Elected section to greater than about 100 
millidarcy. / 

904. The method of claim 867, wherein/allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of claim 867, furtlier comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

906. The method of claim 867,/wherein producing the mixture comprises producing 
the mixture in a production well/and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

907. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fomiation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

908. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a nortion of the formation, wherein three or more of the heat 
sources are located in they formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

909. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or ^ore heat sources to a selected 
section of the formation; 

producing a mixture from the formation through at least one production well; 

monitoring a temperature at or in the n/oduction well; and 

controlling heat input to raise the m9mtored temperature at a rate of less than 
about 3 °C per day. 

910. The method of claim 909, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyroiyzes at least some hydrocarbons within the selected section of the formation. 

911. The method of claim 90^ wherein the one or more heat sources comprise 
electrical heaters. 

912. The method of claim/909, wherein the one or more heat sources comprise surface 
bumers. 

913. The method of cla(im 909, wherein the one or more heat sources comprise 
flameless distributed combustors. 

914. The method of claim 909, wherein the one or more heat sources comprise natural 
distributed combustors. 



915. The methodf of claim 909, ftirther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fimction of temperature, or the temperature is controlled as 
a fimction of pressure. 
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916. The method of claim 909, wherein the heat is GfbntroUed that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the/nydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least s^me hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the elation: 

wherein Pwr is the heatirfg energy/day, his an average heating rate of the 
formation, Pb is formation bulw density. 

918. The method of claimf 909, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction^ 

919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons havinjg an API gravity of at least about 25°. 



921 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

922. The method of claim 909, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, a(nd wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . J | 

923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutyd % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons isr nitrogen. 

924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

925. The method of claim 90^, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds oomprise phenols. 

927. The method of/claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

928. The method pf claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comf rises multi-ring aromatics with more than two rings. 

929. The methoc . of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to abcmt 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 
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93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about K) % by volume of the non-condensable 
component, and wherein the hydrogen is lefss than about 80 % by volume of the non- 
condensable component. 



932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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933. The method of claim 909/ wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to/produce fertilizer. 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected sec/ion of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



25 



935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

936. The method of claim 935, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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937. The method or claim 909, further comprising altering a pressure v^thin the 
formation to inhibit production of hydrocarbons from the formation having carbon 



numbers greater that 



about 25. 
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938. The method of claim 909, wherein controlling fomiation conditions comprises 
recirculating a portion of hydrogen ifrom the mixture iifto the formation. 

939. The method of claim 909, further comprising: 

providing H2 to the heated section to hydy?()genate hydrocarbons within the 
section; and / 

heating a portion of the section with heat from hydrogenation. 

940. The method of claim 909, wherein/the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method mrther comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

941 . The method of claim 909, wherein allowing the heat to transfer comprises 
increasing a permeability of a majonrity of the selected section to greater than about 100 
millidarcy. / 

942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claiiri 909, further comprising controlling the heat to yield greater 
than about 60 % by weighyof condensable hydrocarbons, as measured by the Fischer 
Assay. / 

944. The method of claim 909, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each/production well. 

945. The method cif claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat source^, 'and wherein the unit of heat 
sources comprises a triangular pattern. 

946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hea/ sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitives pattern of units. 

947. A method of treating a hydrocarbon oontaining formation in situ, comprising: 
heating a portion of the formation to a temperature sufficient to support oxidation 

of hydrocarbons within the portion, wher^n the portion is located substantially adjacent 
to a wellbore; 

flowing an oxidant through a coiiduit positioned within the wellbore to a heat 
source zone within the portion, wherein the heat source zone supports an oxidation 
reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant with hydrocarbons to generate heat; and 
transferring generated heat ^bstantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a poj/tion of the hydrocarbons within the pyrolysis zone. 

948. The method of claim 947/ wherein heating the portion of the formation comprises 
raising a temperature of the pormon above about 400 °C. 

949. The method of claim 9M7, wherein the conduit comprises critical flow orifices, the 
method further comprising flpwing the oxidant through the critical flow orifices to the 
heat source zone. 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through me wellbore. 
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95 1. The method of claim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant tp the pyrolysis zone. 

952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially b/ diffusion. 

953. The method of claim 947, further c«(mprising heating the conduit with reaction 
products being removed through the wellbore. 

954. The method of claim 947, wherein the oxidant comprises hydrogen peroxide. 

955. The method of claim 947, wierein the oxidant comprises air. 

956. The method of claim 947/ wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

957. The method of claim ©47, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C, 

958. The method of cMm 947, wherein heating the portion of the formation comprises 
electrically heating the fprmation. 

959. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The methoa of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

961 . The method of claim 947, further comprising controlling a pressure and a 
temperature witMn at least a majority of the pyrolysis zone, wherein the pressure is 
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controlled as a function of temperature, or the temperature/is controlled as a function of 
pressure. / 



962. The method of claim 947, further comprising idontroUing the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 ^'C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m ''C). 

964. The method of claim 947, further Comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the fqrmation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

965. The method of claim 947, fur^er comprising: 
providing hydrogen (Hi) to pe pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pj^olysis zone with heat from hydrogenation. 

966. The method of claim 94^, wherein transferring generated heat comprises 
increasing a permeability of a piajority of the pyrolysis zone to greater than about 100 
millidarcy. 

967. The method of claini 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The method of claim 947, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



969. The method of ilaim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 
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970. The method of claim 947, wherein the weUbore is located along strike to increase 
uniformity of heating along a heated length of the wellbore. 

5 971. The method of claim 947, wherein t^ wellbore is located along strike to increase 
control of heating along a heated length of/che wellbore. 

972. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a portion of the formauon to a temperature sufficient to support reaction 

10 of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and me hydrocarbons to react to produce heat in a heat 
source zone; / 
15 allowing heat to transfer from the heat source zone to a pyrolysis zone in the 

formation to pyrolyze at least/a portion of the hydrocarbons within the pyrolysis zone; 
and / 

removing reaction products such that the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 
20 / 

973. The method of claim 972, wherein heating the portion of the formation comprises 
raising the temperature of the portion above about 400 °C. 

974. The method of/claim 972, wherein heating the portion of the formation comprises 
25 electrically heating the formation. 

975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



413 



Conley, Rose & Tayon, P C. 



976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through ^e critical flow orifices to the 
heat source zone. 

977. The method of claim 972, wherein the conddit is located within a wellbore, 
wherein removing reaction products comprises r^oving reaction products from the heat 
source zone through the wellbore. 



10 



978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the /oxidant to the pyrolysis zone. 



979. The method of claim 972, furthe/ comprising transporting the oxidant from the 
conduit to the heat source zone substamially by diffusion. 

15 980. The method of claim 972, wnerein the conduit is located within a wellbore, the 
method further comprising heating me conduit with reaction products being removed 
through the wellbore to raise a temfperature of the oxidant passing through the conduit. 



4^ 20 



98 1 . The method of claim 972f, wherein the oxidant comprises hydrogen peroxide. 



982. The method of claim 9t2, wherein the oxidant comprises air. 



25 



983. The method of claim^72, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

984. The method of clai^n 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 



985. The method of claim 972, further comprising limiting an amount of oxidant to 
30 maintain a temperature of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. \y 
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986. The method of claim 972, wherein heating a portio^ of the fomiation to a 
temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combystor. 

987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyj()lysis zone of the formation, wherein the 
pressure is controlled as a function of tempersfture, or the temperature is controlled as a 
function of pressure. / 

988. The method of claim 972, furtheycomprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

989. The method of claim 972, whprein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972, wherein allowing heat to transfer comprises 
heating the pyrolysis zone such tmat a thermal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 W/(m °C). 

991 . The method of claim 9i72, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. / 

992. The method of claim 972, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zoneJand 

heating a portion of the pyrolysis zone with heat from hydrogenation. 
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993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
miUidarcy. 

994. The method of claim 972, wherein allowing^the heat to transfer comprises 
substantially uniformly increasing a permeability yof a majority of the pyrolysis zone. 
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995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

996. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation fo a temperature sufficient to support reaction 

of hydrocarbons within the portion of the/formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent Ao an opening in the formation; 

providing the oxidizing fluid to/a heat source zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the heat source zone to generate heat/in the heat source zone; and 

transferring the generated heat substantially by conduction fi:om the heat source 
zone to a pyrolysis zone in the formation. 

997. The method of claim 996/fiuther comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 



25 
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998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



999. The method of claim [ 
fluid with critical flow orifice 
oxidation is controlled. 



^'96, further comprising controlling a flow of the oxidizing 
s of a conduit disposed in the opening such that a rate of 

I 
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1000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation productytrom the formation through 
the conduit. 

1001. The method of claim 996, wherein a conduit is^ disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring substantial heat from tjie oxidation product in the conduit to 
the oxidizing fluid in the conduit. 

1002. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation produdt in the conduit. 

1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an/oxidation product from the formation through 
the conduit and controlling a pressure Hetween the oxidizing fluid and the oxidation 
product in the conduit to reduce contapination of the oxidation product by the oxidizing 
fluid. 

1004. The method of claim 996, Wierein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



1005. The method of claim 996, wherein the heat source zone extends radially from the 



opening a width of less than ap] 



1 006. The method of claim 
electrical current to an electric 



►roximately 0.15 m. 



996, wherein heating the portion comprises applying 
heater disposed within the opening. 
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1007. The method of claim 996, wherein the pyrolysis zofie is substantially adjacent to 
the heat source zone. / 

1008. The method of claim 996, further comprising/controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

1009. The method of claim 996, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is( less than about 1 °C per day during pyrolysis. 

1010. The method of claim 996, wherem allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1011. The method of claim 996, whbrein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). / 

1012. The method of claim 996/ further comprising controlling a pressure within at least 
a majority of the pyrolysis zone/ wherein the controlled pressure is at least about 2.0 bar 
absolute. / 

1013. The method of claim 996, further comprising: 

providing hydrogen te) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

1014. The method of cla 
increasing a permeabilit> 
millidarcy. 



lim 996, wherein allowing the heat to transfer comprises 
of a majority of the pyrolysis zone to greater than about 100 
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1015. The method of claim 996, wherein allowing the h^t to transfer comprises 
substantially uniformly increasing a permeability of ainajority of the pyro lysis zone. 

1016. The method of claim 996, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydroycarbons, as measured by the Fischer 
Assay. 



1017. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more hgat sources to at least a portion of the 

10 formation; 

allowing the heat to transfer froiyl the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation; and 
maintaining an average temperature within the selected section above a minimum 
15 pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
carbon numbers greater than 25 to/inhibit production of a substantial amount of 
hydrocarbons having carbon numlbers greater than 25 in the mixture. 

1018. The method of claim 1017, wherein the one or more heat sources comprise at 
20 least two heat sources, and whejrein superposition of heat from at least the two heat 

sources pyrolyzes at least som^ hydrocarbons within the selected section of the 
formation. 



25 



30 



1019. The method of claim 11017, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 
temperature range. 

1020. The method of claiAi 1017, wherein the one or more heat sources comprise 
electrical heaters. 
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1021 . The method of claim 1017, wherein the one or mor^ heat sources comprise 
surface burners. 

1022. The method of claim 1017, wherein the one o/ more heat sources comprise 
flameless distributed combustors. 

1023. The method of claim 1017, wherein the 9^ie or more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wherein ihe minimum pyrolysis temperature is greater 

than about 270 °C. / 

/ 

1025. The method of claim 1017, whecfein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

1026. The method of claim 1017, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a funcljion of temperature, or the temperature is controlled as 
a fimction of pressure. 

1027. The method of claim 101^, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pjTolysis. 

1028. The method of claim 1017, wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 

heating a selected vomme (F) of the hydrocarbon containing formation from the 
one or more heat sources, wnerein the formation has an average heat capacity (Cy), and 
wherein the heating pyroly^es at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is e^al to or less than Pwj% 

wherein Pwr is calculated by the equation: / 
Pwr - hWCv'^ps / 
wherein Pwr is the heating energy/day, is an a/erage heating rate of the 

formation, ps is formation bulk density, and wherein me heating rate is less than about 10 

°C/day. / 

1029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction/ 

1030. The method of claim 1017, wher/in providing heat from the one or more heat 
sources comprises heating the selected/tormation such that a thermal conductivity of at 
least a portion of the selected sectionals greater than about 0.5 W/(m ^'C). 

1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1032. The method of claim /017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons/are olefins. 

1 033 . The method of cpim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0,1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 034. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater thLi about 0.001. 
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1035. The method of claim 1017, wherein the produced mixtur^ comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1036. The method of claim 1017, wherein the produc/d mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1037. The method of claim 1017, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 m by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1038. The method of claim 1017, whe/ein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pnenols. 

1039. The method of claim 10/7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1040. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 

1 04 1 . The method of/claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wtterein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1043. The method of claim 1017, wherein the producer mixture comprises a non- 
condensable component, wherein the non-condensahie component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % b/ volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1044. The method of claim 1017, wherein/the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1045. The method of claim 1017, wh/rein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 046. The method of claim 1 0 1 7,/further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute/ 

1047. The method of claim 1/017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1048. The method of claim 1047, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1 049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1050. The method pf claim 1017, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogen^fe hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogeliation. 

1 05 1 . The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further con>^rising hydrogenating a portion of 
the produced condensable hydrocarbons with at least/a portion of the produced hydrogen. 

1052. The method of claim 1017, wherein allowmg the heat to transfer comprises 
increasing a permeability of a majority of the s/lected section to greater than about 100 
miliidarcy. 

1053. The method of claim 1017, whereiii allowing the heat to transfer comprises 
substantially uniformly increasing a per^neability of a majority of the selected section. 

1054. The method of claim 1017, fbhher comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1055. The method of claim 10A7, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each prodxiption well. 

1056. The method of clami 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in th^ formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1057. The method 01 claim 1017, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of uni^ 

1058. A method of treating a hydrocarbon containing formation m situ, comprising: 
providing heat from one or more heat sources to a0east a portion of the 

formation; 

allowing the heat to transfer from the one or n^re heat sources to a selected 
section of the formation; 

controlling a pressure within the formation/to inhibit production of hydrocarbons 
from the formation having carbon numbers greajer than 25; and 

producing a mixture from the formatioB 

1059. The method of claim 1058, whereiiythe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydroca^ons within the selected section of the 
formation. 

1060. The method of claim 1058, ^herein the one or more heat sources comprise 
electrical heaters. 

1061. The method of claim 10^8, wherein the one or more heat sources comprise 
surface bumers. 

1062. The method of claim/l058, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1063. The method of cl^im 1058, wherein the one or more heat sources comprise natural 
distributed combustors. 



1064. The method of claim 1058, further comprising controlling a temperature within at 



least a majority of the 



selected section of the formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is cor;m-6lled as a function of 
pressure. 

1065. The method of claim 1064, wherein controlling thfe temperature comprises 
maintaining a temperature within the selected section )vithin a pyrolysis temperature 
range. 

1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is Jess than about 1 per day during 
pyrolysis. 

1067. The method of claim 1058, wher^n providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein thp formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at le^t some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/d^y provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th^ equation; 
Pwr = h'^V^Cy'^pB 

wherein Pwr is the heiting energy/day, is an average heating rate of the 
formation, Pb is formation bplk density, and wherein the heating rate is less than about 10 
°C/day. 

1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1069, The method of /claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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1070. The method of claim 1058, wherein the produced mixtur/cbmprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1071 . The method of claim 1058, wherein the producecmnixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to aj6out 15 % by weight of the 
condensable hydrocarbons are olefins. 

1072. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than ^out 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1074. The method of claim 1058, i^vherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1076. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1077. The method of cl 
hydrocarbons, wherein a 



im 1058, wherein the produced mixture comprises condensable 
30ut 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherem the oxygen 
containing compounds comprise phenols. / 

1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1079. The method of claim 1058, wherein the pro/auced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % tsy weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1080. The method of claim 1058, whereii/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1081 . The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 3 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1083. The method of d 
and wherein greater thai 

1 084. The method of /claim 1 058, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



lim 1058, wherein the produced mixture comprises ammonia, 
about 0.05 % by weight of the produced mixture is ammonia. 
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1085. The method of claim 1058, further comprising contra 
least a majority of the selected section of the formation, w^e: 
is at least about 2.0 bar absolute. 



ling the pressure within at 
ein the controlled pressure 



1086. The method of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons ajid H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1087. The method of claim 1086, wherein tj/e partial pressure of H2 is measured when 
the mixture is at a production well. 

1088. The method of claim 1058, wheredn controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1089. The method of claim 1058, farther comprising: 
providing hydrogen (H2) to pie heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the se/;tion with heat from hydrogenation. 

1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hyarocarbons with at least a portion of the produced hydrogen. 

1 09 1 . The method of clainy 1 05 8, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly ir creasing a permeability of a majority of the selected section. 



V 
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1093. The method of claim 1058, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as mealed by the Fischer 
Assay. / 

1 094. The method of claim 1 058, wherein producing the fixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formatiori, wherein three or more of the heat 
sources are located in the formation in a unit o/heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1096. The method of claim 1058, fiirth^ comprising providing heat from three or more 
heat sources to at least a portion of the rormation, wherein three or more of the heat 
sources are located in the formation iiya unit of heat sources, wherein the unit of heat 
sources comprises a triangular patteiii, and wherein a plurality of the units are repeated 
over an area of the formation to fomi a repetitive pattern of units. 

1097. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from onefor more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

1098. The method of claim 1097, wherein the one or more heat sources comprise at 
least two heat sources/ and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / j 

1099. The method of claim 1097, wherein the one or niore heat sources comprise 
electrical heaters. / 

1 100. The method of claim 1097, wherein the oni or more heat sources comprise 
surface burners. / 

1 lOL The method of claim 1097, wherein tMe one or more heat sources comprise 
flameless distributed combustors. / 

1 102. The method of claim 1097, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1 103. The method of claim 1097, mrther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fuiiction of temperature, or the temperature is controlled as 
a function of pressure. / 

1 104. The method of claim /o97, wherein controlling the temperature comprises 
maintaining the temperature^within the selected section within a pyrolysis temperature 
range. / 

1 105. The method of cmim 1097, further comprising controlling the heat such that an 
average heating rate of me selected section is less than about 1 °C per day during 
pyrolysis. / 

1 106. The method of claim 1097, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V)of the hydrocarbon contaiining formation from the 
one or more heat sources, wherein the formation has an avemge heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pmt is calculated by the equation: / 

Pwr = hW^Cy^'^pB / 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1 107. The method of claim 1097, whereiiV allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 108. The method of claim 1097, wh^ein providing heat from the one or more heat 
sources comprises heating the selectea formation such that a thermal conductivity of at 
least a portion of the selected sectioryis greater than about 0.5 W/(m ^C). 

1 109. The method of claim 1097ywherein the produced mixture comprises condensable 
hydrocarbons having an API grawty of at least about 25°. 

1110. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1111. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons! and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hMdrocarbons are olefins. 

1112. The method of clami 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . / 

1113. The method of claim 1097, wherein the produce*! mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by wdght, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1114. The method of claim 1097, wherein the /roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1116. The method of claim 1 097, Avherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 vJhy weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1117. The method of clainy 1 097, wherein the produced mixtxire comprises condensable 
hydrocarbons, and whereiiy greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1118. The method of daim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1119. The method/of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and Avherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 120. The method of claim 1097, wherein the produced mijdure comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3y % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1121. The method of claim 1097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % bj volume of the non-condensable 
component, and wherein the hydrogen is less tha^ about 80 % by volume of the non- 
condensable component. 

1 122. The method of claim 1097, wherein ttie produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by^eight of the produced mixture is ammonia. 

1 123. The method of claim 1097, whe^in the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim 1097, fnrther comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

/ 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1 126. The method of clainy 1 125, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1 127. The method of clajm 1097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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1 128. The method of claim 1097, wherein controlling fonriation conditions comprises 
recirculating a portion of hydrogen from the mixture intone formation. 

1 1 29. The method of claim 1 097, further comprising*^ 
providing hydrogen (H2) to the heated sectio^to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat^om hydrogenation. 

11 30. The method of claim 1097, wherein thfe produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons vyith at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, whferein allowing the heat to transfer comprises 
increasing a permeability of a majori/y of the selected section to greater than about 100 
millidarcy. 

1132. The method of claim 1 097, wherein allowing the heat to transfer comprises 
substantially uniformly increasirig a permeability of a majority of the selected section. 

1 133. The method of claim L097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1 134. The method of claftn 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

/ 

1 135. The method of jblaim 1097, further comprising providing heat from three or more 
heat sources to at leasfl a portion of the formation, wherein three or more of the heat 



435 



Conley, Rose & Tayon, P.C. 



sources are located in the formation in a unit of heat sources/ 
sources comprises a triangular pattern. 



id wherein the unit of heat 



1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heax sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1137. A method of treating a hydrocarbonycontaining formation in situ, comprising: 
heating a section of the formation to a pyrolysis temperature from at least a first 

heat source, a second heat source and a mird heat source, and wherein the first heat 
source, the second heat source and thepird heat source are located along a perimeter of 
the section; 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of* the section to a rate configured to produce a mixture 
fi*om the formation with an olefin content of Jess than about 15% by weight of 
condensable fluids (on a dry basis) within the produced mixture; and 

producing the mixture from the formation through a production well. 

1 138. The method of claim l/l37, wherein superposition of heat form the first heat 
source, second heat source, ^d third heat source pyrolyzes a portion of the hydrocarbons 
within the formation to fluic 

11 39. The method of clajfm 1137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °( 



1 140. The method of claim 1137, wherein the first heat source is operated for less than 
about twenty four hours a day. 
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1141. The method of claim 1137, wherein the first heat sourofe comprises an electrical 
heater. / / 

1 142. The method of claim 1137, wherein the first hea/source comprises a surface 
burner. / 

1 143. The method of claim 1137, wherein the firet heat source comprises a flameless 
distributed combustor. / 

1 144. The method of claim 1137, wherein me first heat source, second heat source and 
third heat source are positioned substantially at apexes of an equilateral triangle. 

1 145. The method of claim 1137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

1 146. The method of claim 1 137, Airther comprising a fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. / 

1 148. The method of claim A 147, wherein the production well is located substantially at 
a center of the hexagon. / 

1 149. The method of cl^m 1137, fiirther comprising controlling a pressure and a 
temperature within at least a majority of the section of the formation, wherein the 
pressure is controlled as a fimction of temperature, or the temperature is controlled as a 
fimction of pressure. / 
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1 150. The method of claim 1137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section wi^h a pyrolysis temperature 
range. 

1151. The method of claim 1137, further comprisi 
average heating rate of the section is less than abow 

1 1 52. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less than/about 1 °C per day during pyrolysis. 

1 153. The method of claim 1137, whereiiY providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of ihe hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, ps is formation bulkiiensity, and wherein the heating rate is less than about 10 
°C/day. / 

1 154. The method of clainy 1137, wherein heating the section of the formation 
comprises transferring heat/substantially by conduction. 

1 155. The method of claim 1137, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is/greater than about 0.5 W/(m °C). 



controlling the heat such that an 
3 °C per day during pyrolysis. 
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1 156. The method of claim 1137, wherein the produced mixp(i^Q comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1 137, wherein the producecl mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight to^bout 15 % by weight of the 

condensable hydrocarbons are olefins. 

1158. The method of claim 1137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
10 condensable hydrocarbons is less than about 6. 1 5, and wherein the ratio of ethene to 

ethane is greater than about 0.001 . 

1 159. The method of claim 1 137, wherein the produced mixture comprises condensable 
^ hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
H= 15 basis, of the condensable hydrocarbons is nitrogen. 

yi 1 1 60. The method of claim 1137, wherein the produced mixture comprises condensable 

O hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

?! basis, of the condensable hydroc^bons is oxygen. 

J5 20 

1^ 1161. The method of claim 1137, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

25 1 162. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aWout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds iomprise phenols. 
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1 163. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by wejght of the condensable 
hydrocarbons aire aromatic compounds. 

1 164. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics withf more than two rings. 

1165. The method of claim 1137, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0,p % by weight of the condensable 
hydrocarbons are asphaltenes. 



1 166. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % hj/ weight to about 30 % by weight of the 
condensable hydrocarbons are cycloall 



ianes. 



1 167. The method of claim 1137, Wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 168. The method of claim 1 if 3 7, wherein the produced mixture comprises anmionia, 
and wherein greater than abom 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of claimf 1 137, wherein the produced mixture comprises ammonia, 
and wherein the anunonia iJs used to produce fertilizer. 



1 170. The method of claim 1137, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar apsolute. 
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1171. The method of claim 1137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H/, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1 172. The method of claim 1171, wherein the paiiial pressure of H2 is measured when 
the mixture is at a production well. / 

1 1 73. The method of claim 1137, further comprising altering a pressxire within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 1 74. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 175. The method of claim 1137, fumher comprising: 

providing hydrogen (H2) to tl^ heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 176. The method of claim 1 137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, me method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 177. The method of claim 11 37, heating the section comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 

1178. The method of claii 
uniformly increasing a pein 



1 137, wherein heating the section comprises substantially 
leability of a majority of the section. 
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1 179. The method of claim 1137, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, aj! measured by the Fischer 
Assay. 

1 1 80. The method of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least yabout 7 heat sources are disposed in 
the formation for each production well. 



15 



P 
£ 

fy 
Q 

Lis 



1181. The method of claim 1137, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation; wherein three or more of the heat 

sources are located in the formation in a unit oyheat sources, and wherein the unit of heat 

sources comprises a triangular pattem. / 

/ 
/ 

1182. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ayunit of heat sources, wherein the unit of heat 
sources, comprises a triangular pattem, find wherein a plurality of the units are repeated 
over an area of the formation to form^ repetitive pattem of units. 

1 1 83. A method of treating a hydrdcarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to trans/er from the one or more heat sources to a selected 
section of the formation; and 
25 producing a mixture frc/m the formation, wherein the produced mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



30 



1 1 84. The method of claim 1 1 83, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the sel^ted section of the 
formation. 

1 185. The method of claim 1 183, wherein the one o/more heat sources comprise 
electrical heaters. 

1 186. The method of claim 1 1 83, wherein the /ne or more heat sources comprise 
surface burners. 

1 187. The method of claim 1 183, wherei^^the one or more heat sources comprise 
flameless distributed combustors. 

1 1 88. The method of claim 1183, wherein the one or more heat sources comprise natural 
distributed combustors. 

1 1 89. The method of claim 1 1 83( further comprising controlling a pressure and a 
temperature within at least a maiority of the selected section of the formation, wherein 
the pressure is controlled as a fjlmction of temperature, or the temperature is controlled as 
a function of pressure. 

1 1 90. The method of claim 1 189, wherein controlling the temperature comprises 
maintaining the temperatuip within the selected section within a pyrolysis temperature 
range. 

1191. The method of cMaim 1183, further comprising controlling the heat such that an 
average heating rate o^the selected section is less than about 1 per day during 
pyrolysis. 

1 192. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least tne portion of formation comprises: 
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heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pmt is calculated by the equation: / 

Pwr = h'^V^C^^PB / 

wherein Pwr is the heating energy/day, hAsm average heating rate of the 
formation, ps is formation bulk density, and whierein the heating rate is less than about 10 
°C/day. / 

1 193. The method of claim 1 1 83, whereiryallowing the heat to transfer comprises 
transferring heat substantially by conductipn. 

1 1 94. The method of claim 1183, wherein providing heat from the one or more heat 
sources comprises heating the selectecyformation such that a thermal conductivity of at 
least a portion of the selected section /s greater than about 0 .5 W/(m °C). 

1 195. The method of claim 1 183, ywherein the produced mixture comprises condensable 
hydrocarbons having an API grav/ty of at least about 25°. 

1 196. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 197. The method of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 198. The method of claim 1 183, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0. 15, and wherein the raiio of ethene to 
ethane is greater than about 0.001 . / 1 

1 199. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, AA^en calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1200. The method of claim 11 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1201. The method of claim 1 183, wherein th^produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1202. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compound^. 

1203. The method of claim 1 183, therein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1204. The method of claim 1 /83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1205. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and where jfn about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1206. The method of claim 1 1 83, wherein the produced mix^e comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than abom 80 % by volume of the non- 
condensable component. / 

1207. The method of claim 1 183, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weiffllit of the produced mixture is ammonia. 

1208. The method of claim 1 183, wherein/the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 209. The method of claim 1183, furfher comprising controlling a pressure within at 
least a majority of the selected secticm of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1210. The method of claim 1 1 8B , further comprising controlling formation conditions to 
produce a mixture of condensaple hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater tMan about 0.5 bar. 

1211. The method of claim 1211, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1212. The method of cpim 1183, further comprising altering a pressure Mdthin the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1213. The method of claim 11 83, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen fi-om the mixture into the formation. 
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1214. The method of claim 1183, further comprising: / 

providing hydrogen (H2) to the heated section to hy^genate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hwrogenation. 

1215. The method of claim 1183, wherein the prodj/ced mixture comprises hydrogen 
and condensable hydrocarbons, the method further/comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1216. The method of claim 1183, wherein 
increasing a permeability of a majority of tl 
millidarcy. 

1217. The method of claim 1183, wheri 
substantially uniformly increasing a pern 

1218. The method of claim 1 183, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1219. The method of claim 1 183/wherein producing the mixture comprises producing 
the mixture in a production well, And wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1220. The method of claim 1 1/83, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1221 . The method of claim 1 1 83, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



lowing the heat to transfer comprises 
selected section to greater than about 100 



sin allowing the heat to transfer comprises 
leability of a majority of the selected section. 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality yof the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1222. A method of treating a hydrocarbon containing fonnation in situ, comprising; 
providing heat from one or more heat sources to/at least a portion of the 

formation; 

allowing the heat to transfer from the one or^ore heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, i^herein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

1223. The method of claim 1222, wherein Ahe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources^pyrolyzes at least some hydrocarl^ons within the selected section of the 
formation. 

1224. The method of claim 1222, wherein the one or more heat sources comprise 
electrical heaters. 

1225. The method of claim 1222,/vherein the one or more heat sources comprise 
surface burners. 

1226. The method of claim 122fe, wherein the one or more heat sources comprise 
flameless distributed combusto/s. 



1227. The method of claim 
distributed combustors. 



222, wherein the one or more heat sources comprise natural 
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1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1229. The method of claim 1228, wherein controlling the temperaiure comprises 
maintaining the temperature within the selected section within a/pyrolysis temperature 
range. / 

1230. The method of claim 1222, further comprising conn"olling the heat such that an 
average heating rate of the selected section is less than aoout 1 °C per day during 
pyrolysis. / 

123 1 . The method of claim 1222, wherein providing heat from the one or more heat 
sources to at least the portion of formation compmses: 

heating a selected volume (V) of the hydrocarbon containing formation fi'om the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1232. The method of claim 1222/ wherein allowing the heat to transfer comprises 
transferring heat substantially by /conduction. 
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1233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C)y 



1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25^ 

1235. The method of claim 1222, wherein the producer mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to ^out 15 % by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about j6. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a mofar ratio" of ethene to ethane in the non- 
condensable hydrocarbons is less than a^out 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1238. The method of claim 1222, vmerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1239. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1240. The method of claim /l 222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein I'ess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. 
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1241. The method of claim 1 222, wherein the produced mixture conyJrises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weighvof the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % b/ weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1244. The method of claim 1222, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than abouyO.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1246. The method of claim 1222, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the lAydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1247. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1250. The method of claim 1222, further comprising /ontroUing formation conditions to 
produce a mixture of condensable hydrocarbons and^2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1251 . The method of claim 1250, wherein theypartial pressure of H2 is measured when 
the mixture is at a production well. / 

1252. The method of claim 1222, further Comprising altering a pressure within the 
formation to inhibit production of hydrooarbons from the formation having carbon 
numbers greater than about 25. / 

1253. The method of claim 1222, vmerein controlling formation conditions comprises 
recirculating a portion of hydrogenyfrom the mixture into the formation. 

1254. The method of claim 1222, further comprising: 

providing hydrogen (H2/ to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of tWe section with heat from hydrogenation. 

1255. The method of claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. h 



1257. The method of claim 1222, wherein allowing the he?at to transfer comprises 
substantially uniformly increasing a permeability of a n^ority of the selected section. 

1258. The method of claim 1222, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1259. The method of claim 1222, wherein/producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1260. The method of claim 1222, fi^;her comprising providing heat from three or more 
heat sources to at least a portion of /he formation, wherein three or more of the heat 
sources are located in the formatidn in a imit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1261 . The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a port/on of the formation, wherein three or more of the heat 
sources are located in the formation in a xmit of heat sources, wherein the unit of heat 
sources comprises a triangmlar pattem, and wherein a plurality of the units are repeated 
over an area of the formauon to form a repetitive pattem of units. 



1262. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the h^at to transfer from the one or more heat sources to a selected 
section of the formati Dn; and 
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producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1263. The method of claim 1262, wherein the one or mcfre heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within me selected section of the 
formation. / 

1264. The method of claim 1262, wherein the </ne or more heat sources comprise 
electrical heaters. / 

1265. The method of claim 1262, wherein/the one or more heat sources comprise 
surface bumers. / 

1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1267. The method of claim 1262, vt^herein the one or more heat sources comprise natural 
distributed combustors. / 

1268. The method of claim 1262, fiirther comprising controlling a pressure and a 
temperature within at least a matority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a fimction of pressure. / 

1 269. The method of claim /l 268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 
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1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than ^bout 1 °C per day during 
pyrolysis. 

1271. The method of claim 1262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, v^herein the formaran has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heatin^energy/day, /z is an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1272. The method of claim 1:^62, wherein allowing the heat to transfer comprises 

1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heatingythe selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1275. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wkerein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to gfbout 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. / 

1277. The method of claim 1262, wherein the produced nuxture comprises non- 
condensable hydrocarbons, wherein a molar ratio of etherie to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 

1278. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 ^by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1280. The method of claim 1262,Avherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 Why weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compri^fe phenols. 

1281 . The method of clainr 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compoimds. 

1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1283. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weigh? of the condensable 
hydrocarbons are asphaltenes. / 

1284. The method of claim 1262, wherein the produced ^mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1285. The method of claim 1262, wherein ther produced mixture comprises a non- 
condensable component, wherein the non-condensablje component comprises hydrogen, 
wherein the hydrogen is greater than about/10 % by volume of the non-condensable 
component, and wherein the hydrogen is /ess than about 80 % by volume of the non- 
condensable component. / 

1286. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein greater than about O.Oo % by weight of the produced mixture is ammonia. 

1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1288. The method of clainV 1262, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1289. The method of daim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1290. The method pf claim 1289, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

457 Conley, Rose & Tayon, P.C. 



1291 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1292. The method of claim 1262, wherein controlling formatior/conditions comprises 
recirculating a portion of hydrogen from the mixture into the fisrmation. 

1293. The method of claim 1262, further comprising: / 

providing hydrogen (H2) to the heated section t(/hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat frpm hydrogenation. 

1294. The method of claim 1262, wherein the^roduced mixture comprises hydrogen 
and condensable hydrocarbons, the method ftuther comprising hydrogenating a portion of 
the produced condensable hydrocarbons wim at least a portion of the produced hydrogen. 

1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1296. The method of claim 1262, /wherein allowing the heat to transfer comprises 
substantially uniformly increasin^a permeability of a majority of the selected section. 

1297. The method of claim 1262, ftirther comprising controlling the heat to yield greater 
than about 60 % by weight of pndensable hydrocarbons, as measured by the Fischer 
Assay. 

1298. The method of clai 
the mixture in a productioi 
the formation for each pro( 



1262, wherein producing the mixture comprises producing 
well, and wherein at least about 7 heat sources are disposed in 
iuction well. 



w 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 300. The method of claim 1262, further comprising pro;4ding heat from three or more 
heat sources to at least a portion of the formation, whemn three or more of the heat 
sources are located in the formation in a unit of heat Purees, wherein the unit of heat 
sources comprises a triangular pattem, and wherei/a plurality of the units are repeated 
over an area of the formation to form a repetitive^ pattem of units. 



1301. A method of treating a hydrocarbon cfontaining fomiation in situ, comprising: 

raising a temperature of a first sectjon of the formation with one or more heat 
sources to a first pyrolysis temperature; 

heating the first section to an up^er pyrolysis temperature, wherein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 

producing a first mixture fron^ the formation, wherein the first mixture comprises 
condensable hydrocarbons and H2; 

creating a second mixture firom the first mixture, wherein the second mixture 
comprises a higher concentration /of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; 

providing a portion of me second mixture to the second section; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a third mixture from the second section. 



1302. The method of claim 1301, wherein creating the second mixture comprises 
removing condensable hydrocarbons from the first mixture. 
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1303. The method of claim 1301, wherein creating the second mixture comprises 
removing water from the first mixture. 

1304. The method of claim 1301, wherein creating the second mixture comprises 
removing carbon dioxide from the first mixture. / 

1305. The method of claim 1301, wherein the first py^lysis temperature is greater than 
about 270 °C. / 

1306. The method of claim 1301, wherein the stecond pyrolysis temperature is greater 
than about 270 T. / 

1307. The method of claim 1301, wherein the upper pyrolysis temperature is about 500 
°C. / 

1308. The method of claim 1301, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons v^thin the first or second selected section 
of the formation. / 

1309. The method of claim 130A, wherein the one or more heat sources comprise 
electrical heaters. / 

1310. The method of claim pO 1 , wherein the one or more heat sources comprise 
surface burners. / 

1311. The method of claim 1301, wherein the one or more heat sources comprise 
flameless distributed compustors. 

1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed combustors./ 
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1313. The method of claim 1301, further comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. / ^ 

1314. The method of claim 1301, further comprising controlling the heat to the first and 
second sections such that an average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. / 

1315. The method of claim 1301, wherein heating/the first and the second sections 
comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*Cv*p5 / 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, ps is formation bulk densi^, and wherein the heating rate is less than about 10 
°C/day. 

1316. The method of claim 130 
comprises transferring heat subsi 

1317. The method of claim ISOl, wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m °C). 



wherein heating the first and second sections 
itially by conduction. 
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1318. The method of claim 1301, wherein the first or third mixture comprises 

1319. The method of claim 1301, wherein the first or thir^ mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by )^eight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

1320. The method of claim 1301, wherein the first/or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ijatio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0^01 to about 0.15. 

1321. The method of claim 1301, whereinyflie first or third mixture comprises 
condensable hydrocarbons, and wherein \ps than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1322. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

1323. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, ana wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the comiensable hydrocarbons is sulfur. 

1 324. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbon^, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



1325. The method of claim 1301, wherein the first or third mixture comprises 



condensable hydroc 
condensable hydrocai 



•bons, and wherein greater than about 20 % by weight of the 
rbons are aromatic compounds. 
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1326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

1327. The method of claim 1301 , wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than aboul/0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

1328. The method of claim 1301, wherein the fipst or third mixture comprises 
condensable hydrocarbons, and wherein about y % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanofs. 

1329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the^non-condensable component comprises 
hydrogen, and wherein the hydrogen isygreater than about 10 % by volume of the non- 
condensable component and wherein me hydrogen is less than about 80 % by volxxme of 
the non-condensable component. / 

1330. The method of claim 1301/ wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0(05 % by weight of the produced mixture is ammonia. 

1331. The method of claim IBO 1 , wherein the first or third mixture comprises anunonia, 
and wherein the ammonia is used to produce fertilizer. 

1332. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least about/2.0 bar absolute. 
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1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a Mrtial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1334. The method of claim 1333, wherein the partial pressWe of H2 within a mixture is 
measured when the mixture is at a production well. / 

1335. The method of claim 1301, further comprising mtering a pressure within the 
formation to inhibit production of hydrocarbons frorn/the formation having carbon 
numbers greater than about 25. / 

1336. The method of claim 1301, further comprising: 

providing hydrogen (H2) to the first or/second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 

1337. The method of claim 1301, furtner comprising: 

producing hydrogen and condensable hydrocarbons fi-om the formation; and 
hydrogenating a portion of tne produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second ^ection to greater than about 100 millidarcy. 

1339. The method of clai] 
a permeability of a majorit 

1340. The method of c: 
about 60 % by weight op 



1301, further comprising substantially uniformly increasing 
of the first or second section. 



1301, wherein the heating is controlled to yield greater than 
■condensable hydrocarbons, as measured by the Fischer Assay. 
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1341. The method of claim 1301, wherein producing the first or third mixture comprises 

producing the first or third mixture in a production well, and wherein ^least about 7 heat 

sources are disposed in the formation for each production well. / j 

/ I 

1 342. The method of claim 1301, further comprising providin/heat from three or more 
heat sources to at least a portion of the formation, wherein thxee or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. / 

1343. The method of claim 1301, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wh/rein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1344. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or moremeat sources to at least a portion of the 

formation; / 

allowing the heat to transfer fipm the one or more heat sources to a selected 
section of the formation; / 

producing a mixture fi*om the formation; and 

hydrogenating a portion of the produced mixture with H2 produced from the 
formation. / 

1345. The method of claim 044, wherein the one or more heat sources comprise at 
least two heat sources, and Wnerein superposition of heat fi-om at least the two heat 
sources pyrolyzes at least some hydrocarbons v^thin the selected section of the 
formation. / 

1346. The method of claim 1344, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1347. The method of claim 1344, wherein the one or more hegft sources comprise 
electrical heaters. / 

1 348. The method of claim 1 344, wherein the one or more heat sources comprise 
surface burners. / 

1349. The method of claim 1344, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1350. The method of claim 1344, wherein me one or more heat sources comprise natural 
distributed combustors. / 

1351. The method of claim 1344, furtMer comprising controlling a pressure and a 
temperature within at least a majority ^f the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1352. The method of claim 1344, further comprising controlling the heat such that an 
average heating rate of the sele/cted section is less than about 1 °C per day during 
pyrolysis. / 

1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the ponion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons Mdthin the selected volume of 
the formation; and / 

wherein heattng energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is caloulated by the equation: 

Pwr = h'^VrCy'^PB 
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wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rafe is less than about 10 
°C/day. /j 

1354. The method of claim 1344, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1355. The method of claim 1344, wherein providuig heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1356. The method of claim 1344, whereftn the produced mixture comprises condensable 
hydrocarbons having an API gravity ofat least about 25°. 

1357. The method of claim 13447wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are mefms. 

1358. The method of claim 1344, wherein the produced mixture comprises non- 
condensable hydrocarbons;, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1359. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and \^erein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1361. The method of claim 1 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wher^alculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1362. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30^% by weight of the condensable 
hydrocarbons comprise oxygen containing compoun^, and wherein the oxygen 
containing compounds comprise phenols. 

1363. The method of claim 1344, wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein greater than abouj20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1364. The method of claim 1344, whec^in the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring ayomatics with more than two rings. 

1365. The method of claim 1344,Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tljan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1366. The method of claim 1^44, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aroout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, Avherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is/greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable componenjt. 
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1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced/piixture is ammonia. 

1369. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

1370. The method of claim 1344, fiirther comprisingxontroUing a pressure within at 
least a majority of the selected section of the formaj&on, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1371 . The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1372. The method of claim 1344, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1373. The method of claim 1344, further comprising altering a pressure within the 
formation to inhibit production^f hydrocarbons from the formation having carbon 
numbers greater than about 25; 

1374. The method of claim 1344, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1375. The method oi claim 1344, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 
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1376. The method of claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority/of the selected section. 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons/as measured by the Fischer 
Assay. / 

1378. The method of claim 1 344, wherein producmg the mixture comprises producing 
the mixture in a production well, and wherein at Yeast about 7 heat sources are disposed in 
the formation for each production well. / 

1379. The method of claim 1344, further Comprising providing heat from three or more 
heat sources to at least a portion of the fonnation, wherein three or more of the heat 
sources are located in the formation in^unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patten/ 

1380. The method of claim 1344/ further comprising providing heat from three or more 
heat sources to at least a portionyof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulay pattern, and wherein a plurality of the units are repeated 
over an area of the formatioiy to form a repetitive pattern of units. 

1381. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first sect/on of the formation; 

producing Hi from the first section of formation; 
heating a secona section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
the formation to provide a reducing environment within the second section of the 
formation. / 
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1382. The method of claim 1381, wherein heating the first sectioji^or heating the second 
section comprises heating with an electrical heater. 

1383. The method of claim 1381, wherein heating the first/Section or heating the second 
section comprises heating with a surface burner. 

1 3 84. The method of claim 1381, wherein heating th^ first section or heating the second 
section comprises heating with a flameless distributed combustor. 

1385. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

1386. The method of claim 1381, furthet comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as ^fixnction of temperature, or the temperature is 
controlled as a function of pressure.. 

1387. The method of claim 138L fiirther comprising controlling the heat such that an 
average heating rate of the first px second section is less than about 1 °C per day during 
pyrolysis. 

1388. The method of claim/l381, wherein heating the first section or heating the second 
section fiirther comprises: 

heating a selected ]^olume (F) of the hydrocarbon containing formation from the 
one or more heat sources/ wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by co/duction. 

1390. The method of claim 1381, wherein heatin/the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greateryflian about 0.5 W/(m °C). 

1391. The method of claim 1381, fiirther Comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 
having an API gravity of at least about/z5°. 

1 392. The method of claim 1381, further comprising producing a mixture fi:'om the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight m about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

1 393 . The method of claim A 3 8 1 , further comprising producing a mixture from the 
second section, wherein the/produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 lo about 0.15. 

1394. The method of yclaim 1381, fiirther comprising producing a mixture from the 
second section, whermn the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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1 395. The method of claim 1381, further comprising producing a mixtxire from the 
second section, wherein the produced mixture comprises condensabli hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises coiidensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

1397. The method of claim 1381, ftirther comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compoimds, and wherein the oxygen containing compounds 
comprise phenols. / 

1398. The method of claim 1381, fiirther comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weigjit of the condensable hydrocarbons are aromatic 
compounds. / 

1399. The method of claim 1381, fiirther comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weignt of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

1400. The method of claim 1381/ further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % bv weight of the condensable hydrocarbons are 
asphaltenes. 
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1401 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensate hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the cojjaensable hydrocarbons 
are cycloalkanes. 

/ 

// 

1402. The method of claim 1381, further comprising producing a mixture from the 

// 

second section, wherein the produced mixture comprises j. non-condensable component, 
wherein the non-condensable component comprises hydtogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-conden/able component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1403. The method of claim 1381, further composing producing a mixture from the 
second section, wherein the produced mixture Comprises ammonia, and wherein greater 
than about 0.05 % by weight of the producedy(nixture is ammonia. 



1 404. The method of claim 1381, further ^comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 



ammonia is used to produce fertilizer. 



i>piire 



1405. The method of claim 1381, fuijther comprising controlling a pressure within at 
least a majority of the first or second^4ection of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



1406. The method of claim 1381, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1407. The method of claim/l406, wherein the partial pressure of H2 within a mixture is 
measured when the mixturJis at a production well. 
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1408. The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 409. The method of claim 1381, further comprising: 
providing hydrogen (H2) to the second section /o hydrogenate hydrocarbons 

within the section; and 

heating a portion of the second section wit^heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 
producing hydrogen and condensable/hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1411. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about yOO millidarcy. 

1412. The method of claim 13^, wherein heating the first section or heating the second 
section comprises substantially/uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the neat of the second section to yield greater than about 60 % by 
weight of condensable hyiirocarbons, as measured by the Fischer Assay. 



1414. The method of dlaim 1381, further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 



the formation for each 



production well. 
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1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, an/ wherein the unit of heat 
sources comprises a triangular pattem. / 

1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherem three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein^a plurality of the units are repeated 
over an area of the formation to form a repetitive /attem of units. 

1417. A method of treating a hydrocarbon cofataining formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer froraf the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from them)rmation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H2 within the mixture^is greater than about 0.5 bar. 

1418. The method of claim 14 1 7, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least syme hydrocarbons within the selected section of the 
formation. 

1419. The method of cl 
maintaining a temperatii 
range. / 



im 1417, wherein controlling formation conditions comprises 
re within the selected section within a pyrolysis temperature 
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1420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heaters. 

1421 . The method of claim 1417, wherein the one or mc^Q heat sources comprise 
surface bumers. 

1422. The method of claim 1417, wherein the on9/br more heat sources comprise 
flameless distributed combustors. 

/ 

1423. The method of claim 1417, wherein th^ one or more heat sources comprise natural 
distributed combustors. ^/ 

1424. The method of claim 1417, furth/r comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functiqA of temperature, or the temperature is controlled as 
a function of pressure. / 



1425. The method of claim 14l/, further comprising controlling the heat such that an 
average he 
pyrolysis. 



7 

average heating rate of the selected section is less than about 1 ^'C per day during 



/ 

1 426. The method of clain/ 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected/Volume (F) of the hydrocarbon containing formation from the 
one or more heat sourceaf, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyyolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heati«lg energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calcinated by the equation: 
Pwr = /z*F*Cv*/>B 
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wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating^rate is less than about 10 
°C/day. / 

1427. The method of claim 1417, wherein allowing the h^^at to transfer comprises 
transferring heat substantially by conduction. 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than /about 0.5 W/(m °C). 

1429. The method of claim 1417, whereir/the produced mixture comprises condensable 
hydrocarbons having an API gravity of a/least about 25°. 

1430. The method of claim 1417, wMerein the produced mixtxare comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

143 1 . The method of claim Mp, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1432. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and whereim less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Aiydrocarbons is nitrogen. 



1433. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1435. The method of claim 1417, wherein the produced4nixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3/0 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1436. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1437. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thar/ about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1438. The method of claim l4l7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein loss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarpons are cycloalkanes. 

1440. The methoa of claim 1417, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hyd/ogen is greater than about 10 % by volume of the non-condensable 
component, ana wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1441 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced niicture is ammonia. 

1442. The method of claim 1417, wherein the produced mixUjre comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1445. The method of claim 1417, where/n controlling formation conditions comprises 
recirculating a portion of hydrogen fromfthe mixture into the formation. 

1446. The method of claim 1417, fumher comprising: 

providing hydrogen (H2) to tne heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the sectjon with heat from hydrogenation. 

1447. The method of claim 1417, fiirther comprising: 

producing hydrogen and/condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 448 . The method of clain 
increasing a permeability o) 
millidarcy. / 
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1417, wherein allowing the heat to transfer comprises 
'a majority of the selected section to greater than about 100 



1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

// 

1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarb9ns, as measured by the Fischer 
Assay. 



10 



1 45 1 . The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and whereiiyat least about 7 heat sources are disposed in 
the formation for each production well. 



,=.15 



1452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of theyrbrmation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



m 



u 

m 



1453. The method of claim 14/7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fomiation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangu/ar pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



30 



1454. The method of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1455. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing he^ from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H2, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected section; and A 

producing a mixture from the formation, whereir/ the produced mixture comprises 
condensable hydrocarbons having an API gravity of at'least about 25°. 



1456. The method of claim 1455, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superpositicfn of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon/within the selected section of the 
formation. 

1457. The method of claim 1455, ftirt/er comprising maintaining a temperature within 
the selected section within a pyrolysi/temperature range. 

1458. The method of claim 145^ wherein the one or more heat sources comprise 
electrical heaters. 



1459. The method of claim/l455, wherein the one or more heat sources comprise 
surface burners. 



1460. The method of claim 1455, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1461 . The methodyof claim 1455, wherein the one or more heat sources comprise natural 
distributed combu^ors. 

1462. The metMod of claim 1455, ftirther comprising controlling the pressure and a 
temperature wi/hin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a ftmction of temperature, or the temperature is controlled as 
a function ofi^ressure. 
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1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less than aboutXl per day during 
pyrolysis. / 

1464. The method of claim 1455, wherein providing^eat from the one or more heat 
sources to at least the portion of formation comprisies: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formati(m has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some Jiydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heatingyenergy/day, his an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1465. The method of claiir/ 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1467. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, aiid wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensabfe hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensaMe hydrocarbons ranges from about 0.001 to about 0.15. 
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1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight Avhen calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. / ' 

/ 

1470. The method of claim 1455, wherein the procmced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1471 . The method of claim 1455, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim 1455, Wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % t>y weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compoimds, and wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of clainy 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein'^ greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1474. The method ofyclaim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, amd wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1476. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. . 

1477. The method of claim 1455, wherein the produced/mixture comprises a non- 
condensable component, wherein the non-condensablcycomponent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by^olume of the non-condensable 
component, and wherein the hydrogen is less thaiyabout 80 % by volume of the non- 
condensable component. / 

1478. The method of claim 1455, whereiiVthe produced mixture comprises anmionia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used toyproduce fertilizer. 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected sjfection of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

148 1 . The method of clairn 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbonfe produced from the formation. 

1482. The method of/;laim 1455, further comprising decreasing pressure of the selected 
section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 

1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 
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1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



/ 

/ 



/ 



1485. The method of claim 1455, further comprising^ontrolhng formation conditions 
by recirculating a portion of hydrogen from the mixt^e into the formation. 



1486. The method of claim 1455, further comptismg: 
providing hydrogen (Ha) to the heated/section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wjdi heat from hydrogenation. 

1487. The method of claim 1455, nmner comprismg: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion ofrthe produced condensable hydrocarbons with at least a 

portion of the produced hydrogei 

1488. The method of claim 1A55, wherein allowing the heat to transfer comprises 
increasing a permeability of f majority of the selected section to greater than about 100 
millidarcy. 

1489. The method of clgdm 1455, wherein allowing the heat to transfer comprises 
substantially uniformly ihcreasing a permeability of a majority of the selected section. 

1490. The method oyclaim 1455, further comprising controlling the heat to yield greater 
than about 60 % by ^eight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1491. The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 



the formation for 



each production well. 
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1492. The method of claim 1455, further comprising provi^ng heat from three or more 
heat sources to at least a portion of the formation, wherein/three or more of the heat 
sources are located in the formation in a unit of heat soui^es, and wherein the unit of heat 
sources comprises a triangular pattern. 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/wherein three or more of the heat 
sources are located in the formation in a unit OMieat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wMerein a plurality of the units are repeated 
over an area of the formation to form a repecitive pattern of units. 

1494. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or mo/e heat sources to at least a portion of the 

formation; 

allowing the heat to transfe]/^ from the one or more heat sources to a selected 
section of the formation; 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; 

producing a mixture fc6m the formation. 

1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas/ some hydrocarbons within the selected section of the 
formation. 

1496. The method o^ claim 1494, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 
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1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. 

1499. The method of claim 1494, wherein the one or m9re heat sources comprise 
surface burners. 

1500. The method of claim 1494, wherein the on/ or more heat sources comprise 
flameless distributed combustors. 

1 501 . The method of claim 1494, wherein J^e one or more heat sources comprise natural 
distributed combustors. 

1 502. The method of claim 1494, fur^er comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a ftinc^on of temperature, or the temperature is controlled as 
a function of pressure. 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the se/ected section is less than about 1 ^'C per day during 
pyrolysis. j 

1 504. The method of cla^m 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating/pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and^ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /f F*Cv*P5 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pa is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1505. The method of claim 1494, wherein allowing the heat^toj transfer compnses 
transferring heat substantially by conduction. 

1506. The method of claim 1494, wherein providing h^at from the one or more heat 
sources comprises heating the selected section such mat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1507. The method of claim 1494, wherein th/ produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 508. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %yby weight to about 15 % by weight of the 
condensable hydrocarbons are olefins.y 

1 509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wMerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1510. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hwrocarbons is nitrogen. 

1511. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. * 



1513. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 %/Dy weight of the condensable 
hydrocarbons comprise oxygen containing compounds, a(nd wherein the oxygen 
containing compounds comprise phenols. / 

1514. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1515. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1516. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaln about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1517. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aj/out 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ^e cycloalkanes. 

1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component/ wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The method of claim 1494, wherein the produce/ mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer/ 

1521. The method of claim 1494, further comprising controlling a pressure within at 
least a majority of the selected section of the fo]?mation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1522. The method of claim 1494, further/comprising controlling formation conditions to 
produce the mixture, wherein a partial ppssure of H2 within the mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1494, therein the partial pressure of H2 within the mixture 
is measured when the mixture is ^ a production well. 

1 524. The method of claim 14fc)4, further comprising altering a pressure within the 
formation to inhibit productioi^ of hydrocarbons from the formation having carbon 
numbers greater than about \ 



1525. The method of claiyn 1494, wherein providing hydrogen (H2) to the formation 
further comprises: 

hydrogenating hj^ocarbons within the section; and 
heating a portio^l of the section with heat from hydrogenation. 

1526. The method of claim 1494, further comprising: ^ 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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1527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. J 

1 528. The method of claim 1494, wherein allowing me heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1529. The method of claim 1494, further coniprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, and/wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1531. The method of claim 1 494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1532. The method of clsfim 1494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1 533. A methoa of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of thef formation: 
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providing H2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with heat from the hydrogenation; 
and 

controlling heating of the selected section bjVpontroiling amounts of H2 provided 
to the selected section. 

1534. The method of claim 1533, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarj^ns within the selected section of the 
formation. 

1535. The method of claim 1533, ^rther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1536. The method of claim 1/33, wherein the one or more heat sources comprise 
electrical heaters. 

1537. The method of cla/m 1533, wherein the one or more heat sources comprise 
surface bumers. 

1538. The method ot claim 1533, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1539. The method of claim 1533, wherein the one or more heat sources comprise natural 
distributed comfcustors. 



1 540, The rrfethod of claim 1 533, further comprising controlling a pressure and a 
temperature iwithin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function ©f pressure. 
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1541. The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the selected section is less thin about 1 °C per day during 
pyrolysis. / 

1 542. The method of claim 1 533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the liydrocarbon containing formation from the 
one or more heat sources, v^herein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day i/rovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr ^ hW^Cy^^PB I 

wherein Pwr is the heaung energy/day, /? is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1543. The method of claim 1533, wherein allowing the heat to transfer comprises 
transferring heat substannally by conduction. 

1 544. The method oyclaim 1 533, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
formation, whei/ein the produced mixture comprises condensable hydrocarbons having an 
API gravity oyat least about 25°. 

1546. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

1547. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the noij^condensable hydrocarbons ranges 
fi-om about 0.001 to about 0.15. 

1548. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture cG/mprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, v^en calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1549. The method of claim 1533, mrther comprising producing a mixture from the 
formation, wherein the produced imxture comprises condensable hydrocarbons, and 
wherein less than about 1 % by vyfeight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

1550. The method of claim /533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1551. The method of Claim 1 533, further comprising producing a mixture from the 
formation, wherein \ht produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weighy to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing jtompounds, and wherein the oxygen containing compounds comprise 
phenols. 

1 552. The methjt)d of claim 1533, further comprising producing a mixture from the 
formation, wherdin the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

1553. The method of claim 1533, further comprising pr(/ducing a mixture from the 
formation, wherein the produced mixture comprises c^densable hydrocarbons, and 
wherein less than about 5 % by weight of the condei^able hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

1 554. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture c/6mprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight >of the condensable hydrocarbons are 
asphaltenes. / 

1 555. The method of claim 1 533, Airther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to^about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

1556. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less tharyabout 80 % by volume of the non-condensable component. 

1557. The methoa of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

1558. The memod of claim 1533, further comprising producing a mixture from the 
formation, whe -ein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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1 559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation/\wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 

1560. The method of claim 1533, further comprising controlling formation conditions to 
produce a mixtxire from the formation, wherein ^'^partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

10 1561. The method of claim 1 560, whereiiy the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 562. The method of claim 1 533, fumier comprising altering a pressure within the 
B formation to inhibit production of hj^rocarbons from the formation having carbon 

y, 15 numbers greater than about 25. 

bJ 

i ' ; 

iH 1 563. The method of claim 1 53y3, further comprising controlling formation conditions 

Q by recirculating a portion of hydrogen from a produced mixture into the formation. 

2: / 
fU / 

£20 1564. The method of clainy 1533, further comprising: 

r~'s / 

P producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the producedynydrogen. 

25 1 565. The method or claim 1 533, wherein allowing the heat to transfer comprises 

increasing a perme^ility of a majority of the selected section to greater than about 100 
millidarcy. 

1566. The method of claim 1533, wherein allowing the heat to transfer comprises 
30 substantially unirormly increasing a permeability of a majority of the selected section. 



Conley, Rose & Tayon, P.C. 



1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each productU)n well. 

1 568. The method of claim 1533, further comprising n/oviding heat from three or more 
heat sources to at least a portion of the formation, whprein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. / 

1 569. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the fomiation, wherein three or more of the heat 
sources are located in the formation in/a imit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1 570. An in situ method for producing H2 from a hydrocarbon containing formation, 
comprising: / 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heaft to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a j?nixture from the formation, wherein a H2 partial pressure within the 
mixture is greater than about 0.5 bar. 

1571. The metnod of claim 1 570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1 573. The method of claim 1 570, wherein the one or more heat sources comprise 
electrical heaters. A 

1574. The method of claim 1570, wherein the one more heat sources comprise 
surface bumers. / 

1 575. The method of claim 1 570, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1 576. The method of claim 1 570, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1577. The method of claim 157G( further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as aAmction of temperature, or the temperature is controlled as 
a function of pressure. / 

1578. The method of claim 1570, further comprising controlling the heat such that an 
average heating rate of me selected section is less than about 1 °C per day during 
pyrolysis. / 

1 579. The method of claim 1 570, wherein providing heat from the one or more heat 
sources to at least me portion of formation comprises: 

heating a /elected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation/ and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, ps is formation bulk density, and wherein Ae heating rate is less than about 10 
°C/day. / ) 

1580. The method of claim 1 570, wherein allowftig the heat to transfer comprises 
transferring heat substantially by conduction. / 

1581. The method of claim 1 570, whereinAoviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1582. The method of claim 1570, Wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 583. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abdut 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 584. The method of claim 1570, wherein the produced mixture comprises non- 
condensable hydrocarbon^, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1585. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1586. The metnod of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1587. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, 

1588. The method of claim 1570, wherein the produced mixt^e comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ajra wherein the oxygen 
containing compounds comprise phenols. 



1589. The method of claim 1570, wherein the prc/duced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2p% by weight of the condensable 
hydrocarbons are aromatic compounds. 

1590. The method of claim 1570, wherejii the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1591. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^ about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 592. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 593. The method of claim 1 570, wherein the produced mixture comprises a non- 
condensable component,/wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherJn the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 594. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture lis ammonia. 



1595. The method of claim 1570, wherein the produced mixture comt^rises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

1 596. The method of claim 1 570, further comprising controlUng a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1 597. The method of claim 1 570, further comprising/altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 598. The method of claim 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

1599. The method of claim 1570, further comprising condensing a hydrocarbon 
component from the produced mixture ana hydrogenating the condensed hydrocarbons 
with a portion of the hydrogen. / 

1600. The method of claim 1 570, further comprising: 

providing hydrogen (H2) to me heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 60 1 . The method of claim 1 p 70, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 
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1602. The method of claim 1 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1603. The method of claim 1570, further comprising controlling the heat to/yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by me/Fischer 
Assay. / 

1604. The method of claim 1570, wherein producing the mixture i^mprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1605. The method of claim 1570, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hea/sources, and wherein the unit of heat 
sources comprises a triangular pattem. / 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the fommtion, wherein three or more of the heat 
sources are located in the formation in a xmit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a^epetitive pattem of units. 

1 607. The method of claim 1 570, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is ai a production well. 

1 608. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from (me or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weight percentage of at least a portion of hydrocarbons in the sej/ected section, 

/! 

and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-ft^ , basis, of greater 
than about 4.0 %; and / / 

producing a mixture from the formation. / / 

1609. The method of claim 1608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1611. The method of claim 1608, wh^ein the one or more heat sources comprise 
electrical heaters. / 

1612. The method of claim 1608s wherein the one or more heat sources comprise 
surface burners. / 

1613. The method of claimr 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1614. The method of dlaim 1608, wherein the one or more heat sources comprise natural 
distributed combustors. 

1615. The method/of claim 1608, further comprising controlling a pressure and a 
temperature withiry at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1617. The method of claim 1608, wherein providing heat froni/tne one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume {V)of the hydrocarbon (rontaining formation from the 
one or more heat sources, wherein the formation has aj/average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons wdthin the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h'^VC^'^PB / 

wherein Pwr is the heating enepgy/day, /2 is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1618. The method of claim 1608, wherein allowing the heat to transfer comprises 
transferring heat substantially l/y conduction. 

1619. The method of claiir/ 1608, wherein providing heat from the one or more heat 
sources comprises heatingAhe selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m **C). 

1620. The method oy claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons havin^an API gravity of at least about 25°. 

1621 . The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture/comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethener to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to aboul/0.15. 

1 623. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by w^ght, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen^ 

10 1 624. The method of claim 1 608, wherein the^roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 m by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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o 

In 



p20 



1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than pout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1626. The method of claim 160>8, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about Sh/^ by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1627. The method of cl^im 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherfein greater than about 20 % by weight of the condensable 
hydrocarbons are aron/atic compounds. 
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1628. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. /j 

1630. The method of claim 1608, wherein the produced mbOure comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about /o % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 63 1 . The method of claim 1 608, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condeiisable component comprises hydrogen, 
wherein the hydrogen is greater than about 10/% by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1632. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 jA by weight of the produced mixture is ammonia. 

1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1634. The method of claim /608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of Hi within the mixture is greater than 
about 0.5 bar. / 

1636. The method/of claim 1635, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1638. The method of claim 1608, further comprising ccmtrolling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1639. The method of claim 1608, further comimsing: 

providing hydrogen (H2) to the heateci section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1640. The method of claim 1608, mrther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1641. The method of clainr 1608, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1642. The method oy claim 1608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 %i)y weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1644. The method of claim 1608, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



508 



Conley, Rose & Tayon, P.C. 



1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources^and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 646. The method of claim 1 608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation; wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and^wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1647. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or/more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weightpercentage of greater than about 4.0 %; and 

producing a mixture from the formation. 

1648. The method of claim 1647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1650. The method of claim 1647, wherein the one or more heat sources comprise 
electrical heaters. 



\ 
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165 1 . The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. / 

1652. The method of claim 1647, wherein the one or more heaii sources comprise 
flameless distributed combustors. / 

1653. The method of claim 1647, wherein the one or rafore heat sources comprise natural 
distributed combustors. / 

1654. The method of claim 1647, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1655. The method of claim 1647, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1656. The method of claim 1647/ wherein providing heat from the one or more heat 
sources to at least the portion of/formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyroly/es at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heatingyenergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /2*F*av*/)5 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pa is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 
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1657. The method of claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such thsu a thermal conductivity of at least 
a portion of the selected section is greater than abou/O.5 W/(m °C). 

1659. The method of claim 1647, wherein the Produced mixture comprises condensable 
hydrocarbons having an API gravity of at lea^ about 25°. 

1660. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefiri/. 

1661. The method of claim 164/, wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1662. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wher/in less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1663. The method pf claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, andywherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1664. The memod of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons,/and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the cjondensable hydrocarbons is sulfur. 



511 



Conley, Rose &, Tayon, P C. 



1665. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wlierein the oxygen 
containing compounds comprise phenols. / 

1666. The method of claim 1647, wherein the produce/ mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % hy weight of the condensable 
hydrocarbons are aromatic compounds. / 

1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatic/s with more than two rings. 

1668. The method of claim 1647, wher/in the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1669. The method of claim 1647/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abou/ 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1670. The method of clainyl647, wherein the produced mixture comprises a non- 
condensable component, vmerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable componem. 

1671. The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater/than about 0.05 % by weight of the produced mixture is ammonia. 
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1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. h 

1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, Wnerein the controlled pressure 
is at least about 2.0 bar absolute. / 

1674. The method of claim 1647, further comprisi/g controlling formation conditions to 
produce the mixture, wherein a partial pressure oiM^ within the mixture is greater than 
about 0.5 bar. / 

1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1676. The method of claim 1647, furtner comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1677. The method of claim 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1678. The method of claimA647, further comprising: 

providing hydrogemHi) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portio^of the section with heat from hydrogenation. 

1679. The method of claim 1647, further comprising: 

producing hvdrogen and condensable hydrocarbons from the formation; and 
hydrogenatipg a portion of the produced condensable hydrocarbons with at least a 
portion of the procmced hydrogen. 
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1680. The method of claim 1647, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1681. The method of claim 1 647, wherein allowiv(g the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable h/ydrocarbons, as measured by the Fischer 
Assay. 

1683. The method of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and \yherein at least about 7 heat sources are disposed in 
the formation for each production wej' 

1684. The method of claim 1647,/further comprising providing heat from three or more 
heat sources to at least a portion oft* the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1685. The method of claim/1647, further comprising providing heat from three or more 
heat sources to at least a poition of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the fonnktion to form a repetitive pattern of units. 



1686. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the leat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; /* 

wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 

producing a mixture from the formation. 

1687. The method of claim 1686, wherein the one or/more heat sources comprise at 
least two heat sources, and wherein superposition oFheat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wit^n the selected section of the 
formation. 

1688. The method of claim 1686, further co^iiprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 



1689. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
such that a majority of the produced mixture comprises condensable hydrocarbons. 

1690. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected Section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mi^ure comprises non-condensable hydrocarbons. 

1691 . The method of claim I689, wherein the one or more heat sources comprise 
electrical heaters. 

1692. The method of claim 1^86, wherein the one or more heat sources comprise 
surface burners. 
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1693. The method of claim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1694. The method of claim 1686, wherein the one or more heat purees comprise natural 
distributed combustors. / 

1695. The method of claim 1686, further comprising confroUing a pressure and a 
temperature within at least a majority of the selected seorion of the formation, wherein 
the pressure is controlled as a function of temperature; or the temperature is controlled as 
a function of pressure. / 

1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected section is /ess than about 1 °C per day during 
pyrolysis. / 

1697. The method of claim 1686, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein thfe formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/aay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tne equation: 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, pB is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 

1698. The method of 
transferring heat substi 



iaim 1686, wherein allowing the heat to transfer comprises 
itially by conduction. 
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1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m 

1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°./ 

1 701 . The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight t/ about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1702. The method of claim 1686, wherein the^produced mixture comprises non- 
condensable hydrocarbons, and wherein a mo/lar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 703. The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1704. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1705. The method of claim L686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hwrocarbons is sulfur. 

1706. The method of clami 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise ofxygen containing compoxmds, and wherein the oxygen 
containing compounds comprise phenols. 
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1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. /l 

1708. The method of claim 1686, wherein the produced mixtiu-e comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight ofithe condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % hy weight of the condensable 
hydrocarbons are asphaltenes. / 

1710. The method of claim 1686, wherein tKe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaries. 

1711. The method of claim 1686, wlierein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyclrogen is less than about 80 % by volume of the non- 
condensable component. 

1712. The method of claii 
and wherein greater than a 

1713. The method of cAaim 1686, wherein the produced mixture comprises ammonia, 
and wherein the anmignia is used to produce fertilizer. 



V 



1686, wherein the produced mixture comprises ammonia, 
50ut 0.05 % by weight of the produced mixture is ammonia. 
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1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1715. The method of claim 1686, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within Jne mixture is greater than 
about 0.5 bar. 

1716. The method of claim 1715, wherein the partiaj/pressure of H2 within the mixture 
is measured when the mixture is at a production we 

1717. The method of claim 1 686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarb/ns from the formation having carbon 
numbers greater than about 25. 

1718. The method of claim 1686, further comprising controlling formation conditions 
by recirculating a portion of hydrogeiYfrom the mixture into the formation. 

1719. The method of claim 1 686,/further comprising: 
providing hydrogen (H2) p the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the^ section with heat from hydrogenation. 

1 720. The method of claim 1 686, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a riortion of the produced condensable hydrocarbons with at least a 
portion of the producedinydrogen. 



1 72 1 . The method off claim 1686, wherein allowing the heat to transfer comprises 



increasing a permeab 
millidarcy. 



ity of a majority of the selected section to greater than about 100 
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1 722. The method of claim 1 686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majorit^of the selected section. 

1 723. The method of claim 1 686, further comprising coiatrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein ai least about 7 heat sources are disposed in 
the formation for each production well. / 

1 725. The method of claim 1 686, furthei/comprising providing heat from three or more 
heat sources to at least a portion of the ftirmation, wherein three or more of the heat 
sources are located in the formation iiya unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 726. The method of claim 1 686; further comprising providing heat from three or more 
heat sources to at least a portionyof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1 727. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat f/om one or more heat sources to at least a portion of the 

formation; / 

allowing the neat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the/selected section has been selected for heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
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the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and 

producing a mixture from the formation. / 

1728. The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat firom at least the two heat 
sources pyrolyzes at least some hydrocarbons within ther selected section of the 
formation. / 

1729. The method of claim 1727, further commising maintaining a temperature within 
the selected section within a pyrolysis temperaiure range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
electrical heaters. / 

1731. The method of claim 1 727, werein the one or more heat sources comprise 
surface burners. / 

1732. The method of claim 17^7, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1733. The method of claim 1727, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1734. The method of/claim 1727, further comprising controlling a pressure and a 
temperature within at/least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1735. The method of claim 1727, further comprising controlUng the heat such that an 
average heating rate of the selected section is less than ^bout 1 °C per day during 
pyrolysis. 

5 1 736. The method of claim 1 727, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some ^drocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
I Pwr = h^V'^Cy'^PB 

3 wherein Pwr is the heating enefrgy/day, /z is an average heating rate of the 

1 5 formation, is formation bulk dens^^fy, and wherein the heating rate is less than about 1 0 
i °C/day. 
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1737. The method of claim 1 72 wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1738. The method of claim w27, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



25 1739. The method of cmim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



30 



1740. The method ©f claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



522 



Conley. Rose & Tayon, P.C. 



1 74 1 . The method of claim 1 727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about CK151 

1 742. The method of claim 1 727, wherein the produced inixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by wei^t, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1 743. The method of claim 1 727, wherein the m)duced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 ^by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 744. The method of claim 1 727, wherpn the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 745. The method of claim 1 727,/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 vJhy weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen yfcontaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1746. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromat/c compounds. 

1747. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprifses multi-ring aromatics with more than two rings. 
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1748. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. h 



1 749. The method of claim 1 727, wherein the produced/tnixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to abo^t 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 750. The method of claim 1 727, wherein the pr/duced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is lessyihan about 80 % by volume of the non- 
condensable component. 

1 75 1 . The method of claim 1 727, where/in the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % By weight of the produced mixture is ammonia. 

1 752. The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used tc/produce fertilizer. 

1753. The method of claim 1727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absoliue. 

1 754. The method of claim 1 727, further comprising controlling formation conditions to 
produce the mixture, whe^in a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1755. The method of claim 1754, wherein the partial pressure of H2 v^thin the mixture 
is measured when the mixture is at a production well. 



V 
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1756. The method of claim 1727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1757. The method of claim 1727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1758. The method of claim 1727, further comprising: 

providing hydrogen (H2) to the heated s/ction to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with/neat from hydrogenation. 

1 759. The method of claim 1 727, further comprising: 

producing hydrogen and condmsable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1760. The method of claim 1727, wherein allowing the heat to transfer comprises 
increasing a permeability of aymajority of the selected section to greater than about 100 
millidarcy. / 

1 76 1 . The method of clami 1 727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1762. The method ofrclaim 1727, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1763. The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for /each production well. 
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1764. The method of claim 1 727, further comprising providing^ heat from three or more 
heat sources to at least a portion of the formation, wherein tlu-ee or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



1765. The method of claim 1727, further comprisiijg providing heat from three or more 
heat sources to at least a portion of the formation, ^herein three or more of the heat 
sources are located in the formation in a unit of t4at sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repefitive pattem of imits. 

1766. A method of treating a hydrocarb'on containing formation in situ, comprising: 
providing heat from one or m^re heat sources to at least a portion of the 

formation; 

allowing the heat to transfgf from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture/from the formation. 

1767. The method of claim 1766, wherein the one or more heat sources comprise at 
least two heat sources/ and wherein superposition of heat from at least the two heat 
sources pyrolyzes at/least some hydrocarbons within the selected section of the 
formation. 

1768. The method of claim 1766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1769. The method of claim 1766, wherein the one or more heat sources comprise 
electrical heaters. 
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1770. The method of claim 1766, wherein the one or more heat sources comprise 
surface burners. / ; 

1 771 . The method of claim 1 766, wherein the one or m(z<re heat sources comprise 
flameless distributed combustors. / 

1 772. The method of claim 1 766, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1773. The method of claim 1766, further Comprising controlling a pressure and a 
temperature within at least a majority of me selected section of the formation, wherein 
the pressure is controlled as a fiinctionyof temperature, or the temperature is controlled as 
a function of pressure. / 

1774. The method of claim 1766; further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 per day during 
pyrolysis. / 

1 775. The method of claim 1 766, wherein providing heat from the one or more heat 
sources to at least the poraon of formation comprises: 

heating a selecteid volume iV)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heatinapyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and/ 

wherein Keating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr isycalculated by the equation: 

wherein Pwr is the heating energy/day, ft is an average heating rate of the 
formation, pL is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1776. The method of claim 1766, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. /) 

1777. The method of claim 1766, wherein providing heat ^om the one or more heat 
sources comprises heating the selected section such that anthermal conductivity of at least 
a portion of the selected section is greater than about Qp W/(m °C). 

1778. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abbut 25°. 

1779. The method of claim 1766, wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % byyweight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1780. The method of claim 1766, whferein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0. 15. 

1781. The method of claim 1/66, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Ips than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1782. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1 784. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1785. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1786. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %py weight of the condensable 
hydrocarbons comprises multi-ring aromatics M^ith more than two rings. 

1787. The method of claim 1766, wherei/ the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 788. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about i % by weight to about 30 % by weight of the 
condensable hydrocarbons are cvcloalkanes. 

1 789. The method of claim /766, wherein the produced mixture comprises a non- 
condensable component, wlaerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and whereiiythe hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1790. The method off claim 1766, wherein the produced mixture comprises ammonia, 
and wherein greater/than about 0.05 % by weight of the produced mixture is ammonia. 



\ 
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1791. The method of claim 1766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1792. The method of claim 1766, further comprising controUing a pressure within at 
least a majority of the selected section of the formation, whereiuyflie controlled pressure 
is at least about 2.0 bar absolute. 



10 



1793. The method of claim 1766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 wi^n the mixture is greater than 
about 0.5 bar. 



1794. The method of claim 1793, wherein the pmial pressure of H2 within the mixture 
is measured when the mixture is at a production/well. 



Ix, 15 1795. The method of claim 1766, further ccmiprising altering a pressure within the 
formation to inhibit production of hydrocapons from the formation having carbon 
numbers greater than about 25. 

1796. The method of claim 1766, fimher comprising controlling formation conditions 
20 by recirculating a portion of hydrogen from the mixture into the formation. 



p 

in 
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1797. The method of claim 176p, further comprising: 

providing hydrogen (H^ to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of tfie section with heat from hydrogenation. 



30 



1798. The method of claim 1766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced nydrogen. 
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1 799. The method of claim 1 766, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 800. The method of claim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority yof the selected section. 

1 801 . The method of claim 1 766, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons? as measured by the Fischer 
Assay. / 

1802. The method of claim 1766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at/least about 7 heat sources are disposed in 
the formation for each production well. / 

1 803. The method of claim 1 766, furtherycomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patterns 

1 804. The method of claim 1 766/further comprising providing heat from three or more 
heat sources to at least a portiouyof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the imits are repeated 
over an area of the formaticm to form a repetitive pattern of units. 

1 805. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat fyom one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of less than about 15% when measureji on a dry, ash free 
basis; and 

producing a mixture from the formation. 



10 



1 806. The method of claim 1 805, wherein the one or moj4 heat sources comprise at 
least two heat sources, and wherein superposition of hea^ from at least the two heat 
sources pyrolyzes at least some hydrocarbons within ^e selected section of the 
formation. 



1 807. The method of claim 1 805, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 808. The method of claim 1 805, wherein/ihe one or more heat sources comprise 
electrical heaters. 



1 809. The method of claim 1 805, wherein the one or more heat sources comprise 
surface burners. 

1810. The method of claim 1 805,/vherein the one or more heat sources comprise 
flameless distributed combustors. 



25 1811. The method of claim 1 ^5, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1812. The method of claini 1805, further comprising controlling a pressure and a 
temperature within at leasy a majority of the selected section of the formation, wherein 
the pressure is controlled/as a ftmction of temperature, or the temperature is controlled as 
a function of pressure. 
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1813. The method of claim 1 805, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about /i °C per day during 
pyrolysis. / 

1814. The method of claim 1 805, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V)of the hydrocaroon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydro'carbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Fwr is calculated by the equation: / 

Pwr = /2*F*Cv*/?5 / 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, pB is formation bulk density ,/and wherein the heating rate is less than about 10 
X/day. / 

1815. The method of claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating thef selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1817. The method of claam 1805, wherein the produced mixture comprises condensable 
hydrocarbons having aiyAPI gravity of at least about 25°. 

1818. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefms. 
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1819. The method of claim 1 805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethenotto ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 820. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1821. The method of claim 1805, wherein the prc(duced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % By weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxy/en. 

1822. The method of claim 1805, wherein^the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons js sulfur. 

1823. The method of claim 1805, wHerein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen comaining compounds, and wherein the oxygen 
containing compounds comprise mienols. 

1 824. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greiater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 825. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 826. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1827. The method of claim 1805, wherein the produ^Sed mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 828. The method of claim 1 805, wherein the^produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about AO % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1829. The method of claim 1805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1830. The method of claim 1805, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 83 1 . The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 832. The method of claim/l 805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1833. The method of claim 1832, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1 834. The method of claim 1 805, further comprismg altering a pressure within the 
formation to inhibit production of hydrocarbons from the fi&rmation having carbon 
numbers greater than about 25. / 

1 835. The method of claim 1 805, further comprisina/controlling formation conditions 
by recirculating a portion of hydrogen from the mimire into the formation. 

1 836. The method of claim 1 805, further comprising: 

providing hydrogen (H2) to the heatediection to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 837. The method of claim 1 805, fiirmer comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of tMe produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1 838. The method of claim 1 8y5, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1 839. The method of clairh 1 805, wherein allowing the heat to transfer fiirther 
comprises substantially umformly increasing a permeabiUty of a majority of the selected 
section. / 

1 840. The method oyclaim 1 805, frirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 
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1 84 1 . The method of claim 1805, wherein producing the mj/^ture comprises producing 
the mixture in a production well, and wherein at least about/? Iheat sources are disposed in 
the formation for each production well. j 

1 842. The method of claim 1 805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heai sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 843. The method of claim 1805, further c(mprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, £uid wherein a plurality of the units are repeated 
over an area of the formation to form k repetitive pattern of units. 

1844. A method of treating a hydcocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to a selected section of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least somemydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 

producing a mixture from the formation. 

1 845. The method of cmim 1 844, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 846. The method/of claim 1 844, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range 
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1 847. The method of claim 1 844, wherein the one or more hep sources comprise 
electrical heaters. / 

1 848. The method of claim 1 844, wherein the one or mo/re heat sources comprise 
surface bumers. / 

1849. The method of claim 1844, wherein the one'x^r more heat sources comprise 
flameless distributed combustors. / 

1850. The method of claim 1844, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1851. The method of claim 1 844, further comprising controlling a pressure and a 
temperature within at least a majority or the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1852. The method of claim 1844, further comprising controlling the heat such that an 
average heating rate of the seleored section is less than about 1 per day during 
pyrolysis. / 

1 853. The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises; 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /f F*Cv*/)b 
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wherein Pwr is the heating energy/day, /z is an avera^ heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1 854. The method of claim 1 844, wherein allowing me heat to transfer comprises 
transferring heat substantially by conduction. / 

1855. The method of claim 1 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section/such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1856. The method of claim 1 844, where/n the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about O.A % by weight to about 15 % by weight of the 
condensable hydrocarbons are oleflns. 

1 858. The method of claim 1 84^4, wherein the produced mixture comprises non- 
condensable hydrocarbons, ancy wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 859. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1860. The method of dlaim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensaple hydrocarbons is oxygen. 
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1861. The method of claim 1 844, wherein the produced mixtuj^ comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wt^feiy'calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. ^ 



1862. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about io % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1863. The method of claim 1844, wherein tl^ produced mixture comprises condensable 
hydrocarbons, and wherein greater than ab^ut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1864. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 865. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less /han about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 866. The method of claim A 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons/are cycloalkanes. 

1 867. The method of claim 1 844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 868. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 869. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

1 870. The method of claim 1 844, further comprisingxontroUing a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1871. The method of claim 1 844, further corriprising controlling formation conditions to 
produce the mixture, wherein a partial pressifre of H2 within the mixture is greater than 
about 0.5 bar. / 

1 872. The method of claim 1 87 1 , whe/ein the partial pressure of H2 within the mixture 
is measured when the mixture is at a raoduction well. 

1 873. The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 874. The method of claim 1 844, further comprising controlling formation conditions 
by recirculating a portion of nydrogen from the mixture into the formation. 

1 875 . The method of claii/h 1 844, further comprising: 

providing hydroge/n (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 876. The method of claim 1 844, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable Iwdrocarbons with at least a 

portion of the produced hydrogen. j 

i 

The method of claim 1 844, wherein allowing the h^at to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1 878. The method of claim 1 844, wherein allowin/the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1879. The method of claim 1844, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1 880. The method of claim 1 844, where/n producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 882. The method of claim 1m4, further comprising providing heat from three or more 
heat sources to at least a port/on of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formaiion to form a repetitive pattern of units. 

1 883. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; / - 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected" for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in me selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.7^, and wherein the atomic hydrogen to 
carbon ratio is less than about 1.65; and 

producing a mixture from the forma^on. 



15 

O 
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1 884. The method of claim 1883, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1885. The method of claim 1 883/ further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1886. The method of claim 1^83, wherein the one or more heat sources comprise 
electrical heaters. 
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1887. The method of claipi 1883, wherein the one or more heat sources comprise 
surface burners. 

1 888. The method of claim 1 883, wherein the one or more heat sources comprise 
flameless distributed eombustors. 
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1 889. The methocy of claim 1 883, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1890. The method of claim 1883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section ofithe formation, wherein 
the pressure is controlled as a function of temperature, or th^ temperature is controlled as 
a function of pressure. / 

1 891 . The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 892. The method of claim 1883, wherein provming heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V)o{ the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equanon: 

wherein Pwr is the heating eriergy/day, /z is an average heating rate of the 
formation, pB is formation bulk degfsity, and wherein the heating rate is less than about 10 
°C/day. 

1 893 . The method of claim 1 
transferring heat substantially) 

1 894. The method of claim 1 883, wherein providing heat from the one or more heat 
sources comprises heating/the selected section such that a thermal conductivity of at least 
a portion of the selected ^section is greater than about 0.5 W/(m °C). 

1895. The method of 
hydrocarbons having a 



?3, wherein allowing the heat to transfer comprises 
?y conduction. 



tlaim 1883, wherein the produced mixture comprises condensable 
API gravity of at least about 25^ 
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1896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about/15 % by weight of the 
condensable hydrocarbons are olefins. / 

1 897. The method of claim 1 883, wherein the prodiiced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0,0m to about 0.15. 

1 898. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1899. The method of claim 1883, whetein the produced mixture comprises condensable 
hydrocarbons, and wherein less than a/oout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1900. The method of claim 1883( wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1901. The method of clainyl883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abaut 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1902. The method or claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wjierein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weigMt of the condensable 
hydrocarbons comprises multi-ring aromatics with mo^jthan two rings. 

1904. The method of claim 1 883, wherein the ^^duced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 905. The method of claim 1 883, wh^ein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 ^by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1906. The method of claim 1 883, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grea/er than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1907. The method of c/aim 1883, wherein the produced mixture comprises ammonia, 
and wherein greater tham about 0.05 % by weight of the produced mixture is ammonia. 

1 908. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1909. The method of claim 1883, further comprising controlling a pressure within at 
least a majoritWof the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1910. The method of claim 1 883, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 liar. 
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1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. / / 

1912. The method of claim 1 883, further comprising4ltering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1913. The method of claim 1 883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen froni/the mixture into the formation. 

1914. The method of claim 1883, furthsr comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1915. The method of claim 1883, mrther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1916. The method of claim 1«83, wherein allowing the heat to transfer comprises 
increasing a permeability of k majority of the selected section to greater than about 100 
millidarcy. / 

1917. The method of cla/m 1883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1918. The method of jfclaim 1883, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1919. The method of claim 1883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. h 

5 / ■ 

1920. The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat purees, and wherein the unit of heat 
sources comprises a triangular pattern. / 

10 / 

1 92 1 . The method of claim 1883, further comorising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

^ sources are located in the formation in a unityof heat sources, wherein the unit of heat 

ffl sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

2 15 over an area of the formation to form a renetitive pattem of units. 

fi 1 922. A method of treating a hydrocarbon containing formation in situ, comprising: 

« providing heat from one or more heat sources to a selected section of the 

J formation; / 

20 allowing the heat to transfer from the one or more heat sources to the selected 

O section of the formation to pyrolyze Hydrocarbons within the selected section; 

' wherein at least some hydrocarbons within the selected section have an initial 

atomic hydrogen to carbon ratio gyeater than about 0.70; 

wherein the initial atomic iiydrogen to carbon ration is less than about 1.65; and 
25 producing a mixture from the formation. 

1923. The method of claim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wMerein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
30 formation. / 
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1924. The method of claim 1922, further comprising maintaining a temperature within 

the selected section within a pyrolysis temperature rang^: 

/ 

1925. The method of claim 1922, wherein the one o/more heat sources comprise 
electrical heaters. / 

1926. The method of claim 1922, wherein theyone or more heat sources comprise 
surface bumers. / 

1927. The method of claim 1922, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1928. The method of claim 1922, wHerein the one or more heat sources comprise natural 
distributed combustors. / 

1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a ma/ority of the selected section of the formation, wherein 
the pressure is controlled as a mnction of temperature, or the temperature is controlled as 
a function of pressure. / 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 ''C per day during 
pyrolysis. / 

1931. The method of claim 1 922, wherein providing heat jS:om the one or more heat 
sources to at least the portion of formation comprises; 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and/ 
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wherein heating energy/day provided to the volume is equal to or less than Pwr^ 
wherein Pwr is calculated by the equation: 
Pwr = hWC^'^pB 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, ps is formation bulk density, and wherein Jhe heating rate is less than about 10 
°C/day. 

1932. The method of claim 1922, wherein allo;^ng the heat to transfer comprises 
transferring heat substantially by conduction. 

1933. The method of claim 1922, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1934. The method of claim 1922, wierein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are/olefins. 

1936. The method of clairn 1922, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The method of ciaim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / / 

1939. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1940. The method of claim 1922, wherein th^ produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weightyio about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containingycompounds, and wherein the oxygen 
containing compounds comprise phenols/ 

1941. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1942. The method of claim 1922( wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multi-mng aromatics with more than two rings. 

1943. The method of claim /922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1944. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarhfons are cycloalkanes. 

1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 wby volume of the non- 
condensable component. / 

1946. The method of claim 1922, wherein the produced^ mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of th/e produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the anmionia is used to produce fertilizer. 

1948. The method of claim 1922, further comprising controlling a pressure within at 
least a majority of the selected section of thfe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1949. The method of claim 1922, fumher comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1950. The method of claim 1949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture /s at a production well. 

1951. The method of clainy 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1952. The method of claim 1922, further comprising controlling formation conditions 
by recirculating a ponion of hydrogen from the mixture into the formation. 

1953. The methocyof claim 1922, further comprising: 

providing Hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section/ and 
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heating a portion of the section with heat from hydrogenation. 

// 

1954. The method of claim 1922, further compnsmg: 
producing hydrogen and condensable hydrocarbcms from the formation; and 
hydrogenating a portion of the produced cond^sable hydrocarbons with at least a 

portion of the produced hydrogen. 

1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the ^selected section to greater than about 100 
millidarcy. 

1956. The method of claim 1922, where/n allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1957. The method of claim 1922, firaher comprising controlling the heat to yield greater 
than about 60 % by weight of conderjsable hydrocarbons, as measured by the Fischer 
Assay. 

1958. The method of claim 1922,/wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1959. The method of claim L922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a imit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



/ 

1960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive patt^sm of units. 

1 96 1. A method of treating a hydrocarbon containmg 'formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the erne or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons iry the selected section is less than about 0.15 and 

producing a mixture from tht formation. 

1962. The method of claim 196y, wherein the one or more heat sources comprise at 
least two heat sources, and whenfein superposition of heat from at least the two heat 
sources pyrolyzes at least some/hydrocarbons within the selected section of the 
formation. / 

1963. The method of clairnf 1961, fiirther comprising maintaining a temperature within 
the selected section within a pyro lysis temperature range. 

1964. The method of claim 1961, wherein the one or more heat sources comprise 
electrical heaters. / 

1965. The method of claim 1961, wherein the one or more heat sources comprise 
surface burners. / 

1966. The method/of claim 1961, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1967. The method of claim 1961, wherein the one or nk)re heat sources comprise natural 
distributed combustors. / 

1968. The method of claim 1961, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 970. The method of claim 1 96 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (JO of the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr^ 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, ps is formation biilk density, and wherein the heating rate is less than about 10 
°C/day. / 

1971. The method of claim 1961, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a^thermal conductivity of at least 
a portion of the selected section is greater than about W/(m °C). 

1973. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1974. The method of claim 1961, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % bWweight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1975. The method of claim 1961, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rangesyrrom about 0.001 to about 0.15. 

1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyarocarbons is nitrogen. 

1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1978. The method m claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1979. The memod of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons /comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1980. The method of claim 1961, wherein the produced: mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % byyweight of the condensable 
hydrocarbons are aromatic compounds. / / 

1981. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics ^ylth more than two rings. 

1982. The method of claim 1961, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutyO.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 Vomy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloadkanes. 

1984. The method of claim 1961, wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volimie of the non- 
condensable component. / 

1 985. The method of clairn 1 96 1 , wherein the produced mixture comprises ammonia, 
and wherein greater than apout 0.05 % by weight of the produced mixture is ammonia. 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1 987. The method of claim 1 96 1 , further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1988. The method of claim 1961, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 witj/lin the mixture is greater than 
about 0.5 bar. 

1 989. The method of claim 1 988, wherein the parti^ pressure of H2 within the mixture 
is measured when the mixture is at a production wel 

1990. The method of claim 1961, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon^ from the formation having carbon 
numbers greater than about 25. 

1991. The method of claim 1961, further Comprising controlling formation conditions 
by recirculating a portion of hydrogen fvojn the mixture into the formation. 

1 992 . The method of claim 1961, turt^ier compnsmg: 
providing hydrogen (H2) to th^ heated section to hydro genate hydrocarbons 

within the section; and 

heating a portion of the sectibn with heat from hydrogenation. 

1993. The method of claim 196y, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portioryof the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1994. The method of claim/l961, wherein allowing the heat to transfer comprises 
increasing a permeability o^ a majority of the selected section to greater than about 100 
millidarcy. 
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1 995 . The method of claim 1 96 1 , wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability a majority of the selected 
section. 

1996. The method of claim 1961, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarb/ns, as measured by the Fischer 
Assay. 

1 997. The method of claim 1 96 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and whereip^at least about 7 heat sources are disposed in 
the formation for each production well. 

1998. The method of claim 1961, furthjer comprising providing heat from three or more 
heat sources to at least a portion of theyformation, wherein three or more of the heat 
sources are located in the formation ip a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patted 

1999. The method of claim 196v, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of imits. 



2000. A method of treating a hydrocarbon containing formation in situ, comprising 

providing heat fr9m one or more heat sources to a selected section of the 
formation; 

allowing the hekt to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen to carbon ratio greater than about 0.025; 
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wherein the initial atomic oxygen to carbon ratio is less than about 0J5; and 
producing a mixture from the formation. * 

Y more heat sources comprise at 
heat from at least the two heat 
the selected section of the 

2002. The method of claim 2000, further corfiprising maintaining a temperature within 
the selected section within a pyrolysis temptifrature range. 

2003. The method of claim 2000, wherefin the one or more heat sources comprise 
electrical heaters. / 

2004. The method of claim 2000, wherein the one or more heat sources comprise 
surface burners. / 

2005. The method of claim 2000, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2006. The method of claiin 2000, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2007. The method of c/aim 2000, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is contro/led as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2008. The methc/d of claim 2000, further comprising controlling the heat such that an 
average heating /ate of the selected section is less than about 1 °C per day during 
pyrolysis. / 
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2001 . The method of claim 2000, wherein the one 
least two heat sources, and wherein superposition o. 
sources pyrolyzes at least some hydrocarbons witM] 
formation. / 



2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprised 

heating a selected volume {V) of the hydrocarbon containing formation from the 
5 one or more heat sources, wherein the formationmas an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hwrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
10 Pwr = hW^C^*pB I 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
g °C/day. / 

^15 2010. The method of claim 2000, wherein allowing the heat to transfer comprises 
W transferring heat substantially by conduction, 

in / 

201 1. The method of claim 2000, wherein providing heat from the one or more heat 

4^ sources comprises heating/the selected section such that a thermal conductivity of at least 

m 7 

£20 a portion of the selected section is greater than about 0.5 W/(m °C). 

2012. The method oy claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons havina^an API gravity of at least about 25°. 

25 2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, am wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hyarocarbons are olefins. 

2014. The method of claim 2000, wherein the produced mixture comprises non- 
30 condensable liydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2015. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroger 

2016. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2017. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

201 8. The method of claimyzOOO, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds ci»mprise phenols. 

2019. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and \Jierein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons oomprises multi-ring aromatics with more than two rings. 

2021 . The rnethod of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 10 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

2023. The method of claim 2000, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensaple component comprises hydrogen, 
wherein the hydrogen is greater than about \0%m volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

2025. The method of claim 2000,/vherein the produced mixture comprises ammonia, 
and wherein the ammonia is usedM:o produce fertilizer. 

2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2027. The method oOclaim 2000, further comprising controlling formation conditions to 
produce the mixture/wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2028. The memod of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured wnen the mixture is at a production well. 

2029. Tha method of claim 2000, further comprising altering a pressure within the 
formatioiyto inhibit production of hydrocarbons from the formation having carbon 
numbers /greater than about 25. 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



r compnsmg: 
lieated section to hydrogenate hydrocarbons 



203 1 . The method of claim 2000, 

providing hydrogen (H2) to the 
within the section; and 

heating a portion of the section ^Ivith heat from hydrogenation 



2032. The method of claim 2000, fiirtHer 

producing hydrogen and condenpable 
hydrogenating a portion of the 

portion of the produced hydrogen. 



compnsmg: 

hydrocarbons from the formation; and 
produced condensable hydrocarbons with at least a 



2033. The method of claim 2000, wheiein allowing the heat to transfer comprises 
increasing a permeability of a majority c f the selected section to greater than about 100 



millidarcy. 

2034. The method of claim 2000, wherein 
comprises substantially uniformly increa^mg 
section. 



allowing the heat to transfer further 
a permeability of a majority of the selected 



2035. The method of claim 2000, fiirtherlcomprising controlling the heat to yield greater 
than about 60 % by weight of condensable\hydrocarbons, as measured by the Fischer 
Assay. 

2036. The method of claim 2000, wherein Producing the mixture comprises producing 
the mixture in a production well, and wherei^ at least about 7 heat sources are disposed in 
the formation for each production well. 



2037. The method of claim 2000, ftirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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in 



0 





25 



r ■ ■ a, L of heat sources, and Wherein the unit of heat 
sources are located in the formation m a j^mt of heat sour 
sources comprises a triangular pattern. 

. . fclaimlOOO Jhercomprisingprovidingheatfromthreeormore 
2038. Themethodofcla.m2000,^ ^Herein three or more of the heat 

heatsourcestoatleastaportionoft^eformation ^^^^he unit of heat 

over an area of *e foanadon ,0 ^ a repetitive pat,e„> of um.s. 

,039 An,e*odof«eaU„sahWea.^n— sfo™a.io„in.n.»^^^^^ 
;„v*shea.fro™oneXo,ehea.scu.es.oa.,^^ 

'°™^lwins*eHeanoXfto..heoneo.«o.Kea.sou..^ 
""'"°relr^<e/ecao„has.eense.eo,edfo.hea«n,^ 

.„„,prises a moismre co/.en, of less 4a„ about 15%; and 
producing a mi/ture ftom the formation. 

, ,nlQ wherein the one or more heat sourcjs^omprise at 

2040. The method of clann 2039, wherem ^ ^^^^^^^ heat 

least two heat sources, and wherein -P'-^-"" "''^'^L.io" "f 
sources pyrolyzes at leas, some hydrocarbons w.*mtf^-ted se 

formation. 

. . f laim 2039 ^ comprising maintaining a temperanne within 
2041 The method of claim 2039^ui': 
the selected section withir^ly- temperature range. 

y/f • 00^0 wherein the one or more heat sources comprise 
2042. The methojj^f claim 2039, wherem m 

electrical hea^s. 



30 



565 



Conley.Rose&Tayon, 



2043. The method of claim 2039, wherein the one or more heat sources compris^, 
surface burners. / 

2044. The method of claim 2039, wherein the one or more heat sources coi^rise 
flameless distributed combustors. / 

2045. The method of claim 2039, wherein the one or more heat soij^es comprise natural 
distributed combustors. / 

2046. The method of claim 2039, further comprising conJ^Uing a pressure and a 
temperature within at least a majority of the selected se/on of the formation, wherein 
the pressure is controlled as a function of temperatu/or the temperature is controlled as 
a function of pressure. / 

2047. The method of claim 2039, further ce4prising controlling the heat such that an 
average heating rate of the selected secti/is less than about 1 X per day during 

pyrolysis. / 

2048. The method of claim 20;^ wherein providing heat from the one or more heat 
sources to at least the portion^f formation comprises: 

heating a selected /olume (V) of the hydrocarbon containing formation from the 
one or more heat souro^ wherein the formation has an average heat capacity (Q, and 
wherein the heatina^olyzes at least some hydrocarbons within the selected volume of 
the formation; am 

wherejAeating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pw/ is calculated by the equation: 
pJr = h*V*C*pB 

Zherein Pwr is the heating energy/day. h is an average heating rate of the 
lion, ps is formation bulk density, and wherein the heating rate is less than about 10 



fo 



/day. 
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2049. The method of claim 2039, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected sectidn such that a thermal conductivity of at least 
a portion of the selected section is grejtt^ than about 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2052. The method of claim 2039, wherein the produced mixture compass condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % bj^eight of the 
condensable hydrocarbons are olefins. 

2053. The method of claim 2039, wherein the proch^d mixture comprises non- 
condensable hydrocarbons, and wherein a molapratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abm^.OOl to about 0.15. 

2054. The method of claim 2039,^raerein the produced mixture comprises condensable 
hydrocarbons, and wherein less^!man about 1 % by weight, when calculated on an atomic 
basis, of the condensable ln?^ocarbons is nitrogen. 

2055. The methodjm claim 2039, wherein the produced mixtxire comprises condensable 

hydrocarbons, a^ wherein less than about 1 % by weight, when calculated on an atomic 

basis, of theirandensable hydrocarbons is oxygen. 

/ r 

2056. yrhe method of claim 2039, wherein the produced mixture comprises condensable 
hyckocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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2057. The method of claim 2039, wherein the produced mixture comprises condensabj^ 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condeja^ble 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygdn 
containing compounds comprise phenols. 

2058. The method of claim 2039, wherein the produced mji^re comprises condensable 
hydrocarbons, and wherein greater than about 20 % bj/weight of the condensable 
hydrocarbons are aromatic compounds. ^ 

2059. The method of claim 2039, wherdfi the produced mixture comprises condensable 
hydrocarbons, and wherein less thanaiBout 5 % by weight of the condensable 
hydrocarbons comprises multi-ri^aromatics with more than two rings. 

2060. The method of clami 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wh^ein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2061 . Themiethod of claim 2039, wherein the produced mixture comprises condensable 
hydroc3ft)ons, and wherein about 5 % by weight to about 30 % by weight of the 
copflensable hydrocarbons are cycloalkanes. 

2062. The method of claim 2039, whereirH^he produced mixture comprises a non- 
condensable component, wherein the^fidn-condensable component comprises hydrogen, 
wherein the hydrogen is greater th^ about 10 % by volume of the non-condensable 
component, and wherein the/Hydrogen is less than about 80 % by volume of the non- 
condensable componenj;/ 

2063. The method of claim 2039, wherein t^produced mixture comprises ammonia, 
and wherein greater than about 0.05 % bj^eight of the produced mixture is ammonia. 
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2064. The method of claim 2039, wherein t)^ produced mixture comprises ammonia, 
and wherein the ammonia is used to prod^e fertilizer. 

2065. The method of claim 2039, fiirthprxomprising controlling a pressure within at 
least a majority of the selected secticm of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolutes 



2066. The method of claim 2039, further comprising controlling formation conditions^ 
produce the mixture, wherein a partial pressure of H2 within the mixture is gre^^rlnan 
about 0.5 bar. 

l^^l. The method of claim 2066, wherein the partial prcs^xu-e of H2 within the mixture 
is measured when the mixture is at a production ^^tf: 

2068. The method of claim 2039, fi^tner comprising altering a pressure within the 
formation to inhibit produci^m^ hydrocarbons from the formation having carbon 
numbers greater than^MJ^t 25. 

2069. ^3fe method of claim 2039, further comprising controlling formation conditions 
bj^circulating a portion of hydrogen from the mixture into the formation. 

2070. The method of claim 2039, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
v^thin the section; and / 

heating a portion of the sectijm with heat from hydrogenation. 

2071 . The method of claim 2039, further comprising: 

producing hydrogen and comensable hydrocarbons from the formation; and 
hydrogenating a portioffof the produced condensable hydrocarbons with at least a 
portion of the produced l^orogen. 
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2072. The method of claim 2039, wherein allowiijg-tii^eat to transfer comprises 
increasing a permeability of a majoritj^j^flfieselected section to greater than about 100 
millidarcy. 

2073. The meJhdH of claim 2039, wherein allowing the heat to transfer further 
comprise^^bstantially uniformly increasing a permeability of a majority of the selected 



2074. The method of claim 2039, further compri^g controlling the heat to yield greater 
than about 60 % by weight of condensable hwocarbons, as measured by the Fischer 
Assay. 



2075. The method of claim 2039, wherein producing the mixturc/CJomprises producing 
the mixture in a production well, and wherein at least about 7 ^at sources are disposed in 
the formation for each production well. 

2076. The method of claim 2039, further comprisk{g providing heat from three or more 
heat sources to at least a portion of the formation; wherein three or more of the heat 
sources are located in the formation in a unit heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of rfie formation, wherein three or more of the heat 
sources are located in the formatiizm in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular jpattem, and wherein a plurality of the units are repeated 
over an area of the formation/lo form a repetitive pattern of units. 

2078. A method of treating a h/^drocarbon containing formation in situ, comprising: 
providing heat from on^ or more heat sources to a selected section of the 

formation; 
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allowing the heat to transfer fiom the one or more heat sources to the selected 
section of the formation; / 

wherein at least a portion fi)f the selected section has an initial moisture content of 
less than about 1 5%; and / 

producing a mixture fram the formation. 

2079. The method of claim 2078, wherein the one or more heat sources comprise ^ 
least two heat sources, and wherein superposition of heat from at least the twojieat 
sources pyrolyzes at least some hydrocarbons within the selected section ofthe 
formation. 

2080. The method of claim 2078, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range/ 

208 1 . The method of claim 2078, wherein the otie or more heat sources comprise 
electrical heaters. X 

2082. The method of claim 2078, ^^rein the one or more heat sources comprise 
surface bumers. / 

2083. The method of claim 2078, wherein the one or more heat sources comprise 
flameless distributed oombustors. 

2084. The metKod of claim 2078, wherein the one or more heat sources comprise natural 
distributed ccmibustors. 

2085. liie method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section ofthe formation, wherein 
th^ressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2086. The method of claim 2078, further comprising controUing the heat such that an 
average heating rate of the selected section^Iess than about 1 °C per day during 
pyrolysis. 



2087. The method of claim 2078, wherein providing heat fropf/ the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocapbon containing formation from the 
one or more heat sources, wherein the formatk^dias an average heat capacity (CV), and 
wherein the heating pyrolyzes at least sojji^hydrocarbons within the selected volume of 
the formation; and >^ 

wherein heating energ^^ay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculajea by the equation: 

Pwr h'^K^y'^PB 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formatiop^^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/d3j^ 

2088. The method of claim 2078, wherei^llowing the heat to transfer comprises 
transferring heat substantially by condj^ction. 

2089. The method of claim 2078, whereifi providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section^greater than about 0.5 W/(m °C). 

2090. The method of claim 2078, whereip the produced mixture comprises condensable 
hydrocarbons having an API gravity of^t least about 25°. 

209 1 . The method of claim 2078^herein the produced mixture comprises condensable 
hydrocarbons, and wherein abo^t 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ar/olefins. 
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2092. The method of claim 2078, wherein the produced mixture comprises ncm- » 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in Ine non- 
condensable hydrocarbons ranges from about 0.001 to about 0. 15. / 

2093. The method of claim 2078, wherein the produced mixture ownprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whe^calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. X 

2094. The method of claim 2078, wherein the produ^d mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b^^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxyai^. 

2095. The method of claim 2078, wherdn the produced mixture comprises condensable 
hydrocarbons, and wherein less than a^ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarhf^s is sulfur. 

2096. The method of claim 2|278, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboyf 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise ojKygen containing compounds, and wherein the oxygen 
containing compoundsrcomprise phenols. 

2097. The metlWd of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, >mid wherein greater than about 20 % by weight of the condensable 
hydrocarbo^are aromatic compoimds. 

2098. /he method of claim 2078, wherein the produced mixture comprises condensable 
hydrycarbons, and wherein less than about 5 % by weight of the condensable 
hymocarbons comprises multi-ring aromatics with more than two rings. 
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2099. The method of claim 2078, wherein the prm'uced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 by weight of the condensable 
hydrocarbons are asphaltenes. 

2100. The method of claim 2078, whepin the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 ^/fhy weight to about 30 % by weight of the 
condensable hydrocarbons are cycl/alkanes. 



2101. The method of claim 2078, whemm the produced mixture comprises a non- 
condensable component, wherein thp^on-condensable component comprises hydrogen, 
wherein the hydrogen is greatejvman about 10 % by volume of the non-condensable 
component, and wherein th/hydrogen is less than about 80 % by volume of the non- 
condensable componer 

2102. The method of claim 2078, wherein the ra^uced mixture comprises ammonia, 
d wherein greater than about 0.05 % by we^t of the produced mixture is ammonia. 

2103. The method of claim 2078, wWein the produced mixture comprises ammonia, 
and wherein the ammonia is used to^roduce fertilizer. 



2104. The method of claim 2078, furtW'comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute/ 



2105. The method of claim 2078, furtherycomprising controlling formation conditions to 
produce the mixture, wherein a partial p^ssure of H2 within the mixture is greater than 
about 0.5 bar. 



2 1 06. The method of claim 2 1 OX wherein the partial pressure of H2 within the mixture 
is measured when the mixtures at a production well. 
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2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarboij^from the formation having carbon 
numbers greater than about 25. 

2108. The method of claim 2078, furthe/ comprising controlling formation conditions 
by recirculating a portion of hydrogen ffom the mixture into the formation. 

2109. The method of claim 2078, further comprising: 
providing hydrogen (H2) to the he^d section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the secjifen with heat from hydrogenation. 

2110. The method of claim 2078, rurtMr compnsmg: 
producing hydrogen and cond^sable hydrocarbons from the formation; and 
hydrogenating a portion o^e produced condensable hydrocarbons with at least a 

portion of the produced hydroge 

21 1 L The method of claim 2078, wherein allowing^theneat to transfer comprises 
increasing a permeability of a majority of t^e^^ected section to greater than about 100 
millidarcy. 

2112. The methojl-ofclaim 2078, wherein allowing the heat to transfer fiirther 
comprise§^sil6stantially uniformly increasing a permeability of a majority of the selected 



2113. The method of claim 2078, fiirther cori^^sing controlling the heat to yield greater 
than about 60 % by weight of condensable ^drocarbons, as measured by the Fischer 
Assay. / 
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2114. The method of claim 2078, wherein producing the mixture comprises produdKg 
the mixture in a production well, and wherein at least about 7 heat sources etre^i^osed in 
the formation for each production well. 

2115. The method of claim 2078, further comprising projfimng heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ofjasat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2116. The method of claim 2078/further comprising providing heat from three or more 
heat sources to at least a porti{?n of the formation, wherein three or more of the heat 
sources are located in the fiormation in a unit of heat sources, wherein the unit of heat 
sources comprises a tiimigular pattern, and wherein a plurality of the units are repeated 
over an area of the^iormation to form a repetitive pattern of units. 

2117. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or mgre heat sources to at least a portion of the 

formation; 

allowing the heat to transfer ^rom the one or more heat sources to a selected 
section of the formation; 

wherein the selected sectioA is heated in a reducing environment during at least a 
portion of the time that the selectep section is being heated; and 

producing a mixture from /the formation. 



2118. The method of claim 2117, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least som^ hydrocarbons within the selected section of the 
formation. 



2119. The method of claim 



the selected section within a pyrolysis temperature range 

\ 



117, fiirther comprising maintaining a temperature within 



576 



Conley, Rose & Tayon, P.C. 



/ 

2120. The method of claim 2117, wherein the one or mor^heat sources comprise 
electrical heaters. 

2121. The method of claim 2117, wherein the one or /nore heat sources comprise 
surface burners. 

2122. The method of claim 2117, wherein the on^ or more heat sources comprise 
flameless distributed combustors, 

2123. The method of claim 2117, wherein th^^ one or more heat sources comprise natural 
distributed combustors. 

2 1 24. The method of claim 2117, further c/omprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of/temperature, or the temperature is controlled as 
a function of pressure. 

2125. The method of claim 2117, fui/her comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2126. The method of claim 21 1 77wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volxmief (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes ajc least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energjf day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tjtie equation: 
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wherein Pwr is the heating energy/day, /z is an average heating rate of the 

/ 

formation, Pb is formation bulk density, and wherein th^^heating rate is less than about 10 
°C/day. 



2127. The method of claim 2117, wherein allowii)g the' heat to transfer comprises 
transferring heat substantially by conduction. 



2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2129. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of ayleast about 25°. 

2130. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefina 

2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges pom about 0.001 to about 0.15. 

2132. The method of claim 21 ly, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2133. The method of claim 2117, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein les 



basis, of the condensable hydrocarbons is oxygen 



than about 1 % by weight, when calculated on an atomic 
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2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. j 

2135. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 



2136. The method of claim 2117, wherein 
hydrocarbons, and wherein greater than aboj 
hydrocarbons are aromatic compounds. / 



hfe produced mixture comprises condensable 
It 20 % by weight of the condensable 



2137. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring ayomatics with more than two rings. 

2138. The method of claim 21 17/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2139. The method of claim 0 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons/are cycloalkanes. 

2140. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component J wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is/ greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 142. The method of claim 2117, wherein the producecj/ mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the form^ion, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2144. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim 2144, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2146. The method of claim 2117, fu/ther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2147. The method of claim 2 1 itl, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2148. The method of claim 2117, further comprising: 
providing hydrogen (I^) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of tHe section with heat from hydrogenation. 



2 1 49. The method of claim/ 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

/ 

/ 

2150. The method of claim 2117, wherein allowing the heat to' transfer comprises 
increasing a permeability of a majority of the selected sectior/to greater than about 100 
millidarcy. / 

2151. The method of claim 2117, wherein allowing th^ heat to transfer comprises 
substantially uniformly increasing a permeability of a/majority of the selected section. 

2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

2154. The method of claim 2117, fumher comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2155. The method of claim 21 1 7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the forrnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the imits are repeated 
over an area of the formatiory to form a repetitive pattern of units. 

2156. A method of treating a hydrocarbon containing formation in situ, comprising; 
heating a first section of the formation to produce a mixture from the formation; 
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heating a second section of the formation; and 

recirculating a portion of the produced mixture from the first section into the 

/ 

second section of the formation to provide a reducing environment v^ithin the second 
section of the formation. / 

2157. The method of claim 2156, further comprising itiaintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2158. The method of claim 2156, wherein heating the first or the second section 
comprises heating with an electrical heater. / 

2 1 59. The method of claim 2156, wherein Ideating the first or the second section 
comprises heating with a surface bumer. / 

2160. The method of claim 2156, whe/ein heating the first or the second section 
comprises heating with a flameless di^buted combustor. 

2161. The method of claim 2 1 56,ywherein heating the first or the second section 
comprises heating with a natural distributed combustor. 

2162. The method of claim ^56, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

2163. The method of claim 2156, further comprising controlling the heat such that an 
average heating rate of tHe first or the second section is less than about 1 °C per day 
during pyrolysis. / 

2164. The method of claim 2156, wherein heating the first or the second section 
comprises: | 
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heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to^r less than Pwr, 
wherein Pmt is calculated by the equation: / 

Pwr = h'^V'^Cy'^PB / 

wherein Pwr is the heating energy/day, /z is an average Keating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2 1 65. The method of claim 2156, wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 

2 1 66. The method of claim 2156, wherein heating the first or the second section 
comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second secti<5n is greater than about 0.5 W/(m °C). 

2167. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2168. The method of claim 2156, vmerein the produced mixture comprises condensable 
hydrocarbons, and wherein about oA % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2169. The method of claim 2 1 5y6, wherein the produced mixture comprises non- 
condensable hydrocarbons, andAvherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranees from about 0.001 to about 0.15. 
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2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

/ 

2171. The method of claim 2156, wherein the produce<^inixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / > 

2172. The method of claim 2156, wherein the prcduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %yDy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulmr. 

2173. The method of claim 2156, whereitithe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2 1 74. The method of claim 2156/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of clainy2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2 1 76. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2177. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. ^- 

/ 

2178. The method of claim 2156, wherein the produced ^xXutq comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than ^Dout 80 % by volume of the non- 
condensable component. 

2 1 79. The method of claim 2 1 56, wherein ^e produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by /weight of the produced mixture is ammonia. 

2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to^troduce fertilizer. 

2181. The method of claim 2 1 So, further comprising controlling a pressure within at 
least a majority of the first or /econd section of the formation, wherein the controlled 
pressure is at least about 2.Q/bar absolute. 

2 1 82. The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, w|ierein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2183. The method of claim 2 1 82, wherein the partial pressure of H2 wdthin the mixture 
is measured when the mixture is at a production well. 

2 1 84. The method of claim 2156, further comprising altering a pressure within the 
formation to inhimt production of hydrocarbons from the formation having carbon 
numbers greater lhan about 25. 
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2185. The method of claim 2156, further comprising: 
providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section; and / 

heating a portion of the first or second section with heat from hydrogenation. 

2 1 86. The method of claim 2156, further comprising: 
producing hydrogen and condensable hyarocarbons from the formation; and 
hydrogenating a portion of the produc^ condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2 1 87. The method of claim 2156, wherein heating the first or the second section 
comprises increasing a permeability of ^ majority of the first or the second section to 
greater than about 100 millidarcy. 

2188. The method of claim 2156, therein heating the first or the second section 
comprises substantially uniformly/increasing a permeability of a majority of the first or 
the second section. 

2 1 89. The method of claim 21 56, further comprising controlling the heat to yield greater 
than about 60 % by weight ^f condensable hydrocarbons, as measured by the Fischer 
Assay. 

2 1 90. The method of cl^im 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2191. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at leaiit a portion of the formation, wherein three or more of the heat 
sources are located ir l the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



586 



Conley, Rose & Tayon, P.C. 



2 1 92. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern qf units. 

2193. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sourcp to at least a portion of the 

formation; and 

allowing the heat to transfer from the on6 or more heat sources to a selected 
section of the formation such that a permeabiMty of at least a portion of the selected 
section increases to greater than about 100 millidarcy. 

2194. The method of claim 2193, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2195. The method of claim 2^93, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2 1 96. The method of claim 2 1 93, wherein the one or more heat sources comprise 
electrical heaters. 

2197. The method of 0aim 2193, wherein the one or more heat sources comprise 
surface burners. 



2198. The method oi claim 2193, wherein the one or more heat sources comprise 
flameless distributed/ combustors. 
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2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
distributed combustors. 



2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected^section of the formation, wherein 
the pressure is controlled as a function of temperapr^, or the temperature is controlled as 
a function of pressure. 

2201. The method of claim 2193, further comprising controlling the heat such that an 
average heating rate of the selected section /s less than about 1 °C per day during 
pyrolysis. 



2202. The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {Vhof the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at }east some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by pe equation: 
Pwr = A*F*Cv*/?5 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, Pb is formation Iplk density, and wherein the heating rate is less than about 10 
°C/day. 



2203. The method 
transferring heat 



of claijn 2193, wherein allowing the heat to transfer comprises 
substantiklly by conduction. 



2204. The method 
sources comprises heating 
a portion of the selected 



of clalim 2193, wherein providing heat from the one or more heat 

the selected section such that a thermal conductivity of at least 
s(ection is greater than about 0.5 W/(m °C). 
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2205. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable/hydrocarbons having an 
API gravity of at least about 25°. / 

2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises cortdensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2207. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture coniprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in me non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2208. The method of claim 2193, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % bv weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is /oxygen. 

2210. The method of clainl 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons! is sulfur. 
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221 1 . The method of claim 2193, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 

' / 

about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 

/' 

oxygen containing compounds, and wherein the oxygeri containing compounds comprise 

/' 

phenols. 



2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight oy the condensable hydrocarbons are aromatic 
compounds. 

2213. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixtuj^ comprises condensable hydrocarbons, and 
wherein less than about 5 % by weigh/of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

22 1 4. The method of claim 2 1 9% further comprising producing a mixture from the 
formation, wherein the producecy mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % ^y weight of the condensable hydrocarbons are 
asphaltenes. 

2215. The method of claim tl93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weighji to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



22 1 6. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensal le component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % bv volume of the non-condensable component, and wherein the 
hydrogen is less than abou : 80 % by volume of the non-condensable component. 
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2217. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammom^, and wherein greater than 



about 0.05 % by weight of the produced mixture is ammoma 



2218. The method of claim 2193, further comprisins^^roducing a mixture from the 
formation, wherein the produced mixture comprise^ammonia, and wherein the ammonia 
is used to produce fertilizer. 

22 1 9. The method of claim 2 1 93, further comprising controlling a pressure within at 
least a majority of the selected section of ih^ formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2220. The method of claim 2193, further comprising controlling formation conditions to 
produce a mixture from the formation/ wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

222 1 . The method of claim 2220, further comprising producing a mixture from the 
formation, wherein the partial p/essure of H2 within the mixture is measured when the 
mixture is at a production well j 

2222. The method of claim p93, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
nimibers greater than about/25. 



2223. The method of claim 2193, further comprising producing a mixture from the 



formation and controlling 
from the mixture into the 



formation conditions by recirculating a portion of hydrogen 
formation. 



2224. The method of claim 2193, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenkion. 

/i 

2225. The method of claim 2 1 93, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced conde;isable hydrocarbons with at least a 

portion of the produced hydrogen. 

2226. The method of claim 2193, fiirther comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 

2227. The method of claim 2193, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2228. The method of claim 2193, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2229. The method of claim 2193, farther comprising producing a mixture in a 
production well, wherein at least ab/)ut 7 heat sources are disposed in the formation for 
each production well. 

2230. The method of claim 2193, fiirther comprising providing heat from three or more 
heat sources to at least a portion pf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 



223 1 . The method of claim 2 
heat sources to at least a 
sources are located in the fomiation 



93, fiirther comprising providing heat from three or more 
portic|n of the formation, wherein three or more of the heat 
in a unit of heat sources, wherein the unit of heat 
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10 



= 15 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units, 

2232. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources atfleast a portion of the 

formation; and 

allowing the heat to transfer from the one orinore heat sources to a selected 
section of the formation such that a permeability o^ a majority of at least a portion of the 
selected section increases substantially uniformly/ 

2233. The method of claim 2232, wherein the/one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 

2234. The method of claim 2232, furthe/ comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



O 
fy , 

Q 



20 



25 



30 



2235. The method of claim 2232, whprein the one or more heat sources comprise 
electrical heaters. 

2236. The method of claim 2232, wWein the one or more heat sources comprise 
surface bumers. 

2237. The method of claim 2232, v^herein the one or more heat sources comprise 
flameless distributed combustors. 

2238. The method of claim 2232, ^jl^herein the one or more heat sources comprise natural 
distributed combustors. 
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2239, The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the^^emperature is controlled as 

a function of pressure. j 

I 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

224 L The method of claim 2232, wherein providing heat fi-om the one or more heat 
sources to at least the portion of formation coniprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least somp hydrocarbons within the selected voliune of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equal/ion: 

wherein Pwr is the heating eriergy/day, is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2242. The method of claim 22i2, wherein allowing the heat to transfer comprises 
transferring heat substantially By conduction. 

2243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sedtion is greater than about 0.5 W/(m °C). 
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2244. The method of claim 2232, further comprising producing a mixture from the 

/ » 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

/' 

2245. The method of claim 2232, further comprising p/oducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in thp non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2247. The method of claim 2232, further /comprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, /when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen./ 

2248. The method of claim 2232, rarther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygpn. 

2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the producer mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2250. The method of claim 2^32, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

225 1 . The method of claim 2232, ftirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condeiisable hydrocarbons, and 
wherein greater than about 20 % by weight of the condei/sable hydrocarbons are aromatic 
compounds. / 

2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2253. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weightyof the condensable hydrocarbons are 
asphaltenes. / 

2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by voliime of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volimie of the non-condensable component. 



\ 
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2256. The method of claim 2232, fUrther comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2257. The method of claim 2232, further comprising'^oducing a mixture from the 
formation, wherein the produced mixture comprisesyammonia, and wherein the ammonia 
is used to produce fertilizer. 

2258. The method of claim 2232, fiirther comprising controlling a pressure within at 
least a majority of the selected section of the fq/rmation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2260. The method of claim 2232, ftrfther comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

226 1 . The method of claim 2232, ftxrther comprising altering a pressure within the 
formation to inhibit production qf hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2262. The method of claim 2£32, fixrther comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the nriixture into the formation. 



2263. The method of clain 
providing hydrogen 
within the section; and 



2232, ftirther comprising: 

(H2) to the heated section to hydrogenate hydrocarbons 
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heating a portion of the section with heat from hydrogenation. 



2264. The method of claim 2232, further comprising: 



/ 



producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2266. The method of claim 2232, fiirther cy6mprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured by the Fischer 
Assay. 

2267. The method of claim 2232, fiirtner comprising producing a mixture in a 
production well, wherein at least aboujf 7 heat sources are disposed in the formation for 
each production well. 

2268. The method of claim 2232, f^her comprising providing heat from three or more 
heat sources to at least a portion of ^e formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2269. The method of claim 2232[ fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2270. A method of treating a hydrocarbon containing formation in situ, comprising: 



V 
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providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. / 

2271 . The method of claim 2270, wherein the one/or more heat sources comprise at 
least two heat sources, and wherein superposition/of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wirhin the selected section of the 
formation. / 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2273. The method of claim 2270, wherein the one or more heat sources comprise 
electrical heaters. / 

2274. The method of claim 2270, wherein the one or more heat sources comprise 
surface burners. / 

2275. The method of claim 2270, wherein the one or more heat sources comprise 
flameless distributed combustors. | 

2276. The method of claim 2270J wherein the one or more heat sources comprise natural 
distributed combustors. 1 

2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a maj )rity of the selected section of the formation, wherein 
the pressure is controlled as a fui iction of temperature, or the temperature is controlled as 
a function of pressure. 
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2278. The method of claim 2270, further comprising controlling the heat such that an 

/ 

average heating rate of the selected section is less^^an about 1 °C per day during 
pyrolysis. 



2279. The method of claim 2270, wherein p/oviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least ^me hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day {Provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = hW^Cy'^pB 

wherein Pwr is the heatiijfg energy/day, /z is an average heating rate of the 
formation, Pb is formation bulkydensity, and wherein the heating rate is less than about 10 
°C/day. 

2280. The method of claimf 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2281 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m ^C). 

2282. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2283. The method of claim 2270, ftirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 



2284. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in t|/e non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2285. The method of claim 2270, furthe/ comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigh^ when calculated on an atomic basis, of the 
condensable hydrocarbons is nitroger 

2286. The method of claim 2270,/further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim/2270, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 fo by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfiir. 



2288. The method of claim 2270, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight Id about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing cor/ipounds, and wherein the oxygen containing compounds comprise 
phenols. 



2289. The method 
formation, wherein 



(jf claim 2270, fiirther comprising producing a mixture from the 
the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 



compounds. 



i 



2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture conmrises condensable hydrocarbons, and 
wherein less than about 5 % by weight of th^f condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

229 1 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by wejght of the condensable hydrocarbons are 
asphaltenes. 

2292. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the producea mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight Xp about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2293. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-conden?able component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2295. The method 
formation, wherein 
is used to produce ^rtilizer. 



of claim 2270, further comprising producing a mixture from the 
the produced mixture comprises ammonia, and wherein the ammonia 
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2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2298. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the partial pressure/of H2 within the mixture is measured when the 
mixture is at a production well. 

2299. The method of claim 2270 /further comprising altering a pressure within the 
formation to inhibit production 91 hydrocarbons from the formation having carbon 
numbers greater than about 25. y 

2300. The method of claini/2270, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2301 . The method of aaim 2270, further comprising: 
providing hydrc/gen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; anc 

heating a portion of the section with heat from hydrogenation. 

2302. The method of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2303. The method of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section tp greater than about 100 
millidarcy. 

2304. The method of claim 2270, wherein allowing threat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrqcarbons, as measured by the Fischer 
Assay. 

2306. The method of claim 2270, further ccimprising producing a mixture in a 
production well, and wherein at least abou/7 heat sources are disposed in the formation 
for each production well. 

2307. The method of claim 2270, furtner comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular panem. 

2308. The method of claim 22^0, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 



2309. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat fropi one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formationi and 
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controlling the heat to yield at least about 1 5 % by weight of a total organic 
carbon content of at least some of the hydrocarbon containing formation into condensable 
hydrocarbons. 

2310. The method of claim 2309, wherein the or/e or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

23 1 1 . The method of claim 2309, further/comprising maintaining a temperature within 
the selected section within a pyxolysis temperature range. 

23 12. The method of claim 2309, wj/erein the one or more heat sources comprise 
electrical heaters. 

23 13. The method of claim 2309^. wherein the one or more heat sources comprise 
surface burners. 

23 14. The method of claim i309, wherein the one or more heat sources comprise 
flameless distributed combustors. 

23 1 5. The method of cla^pi 2309, wherein the one or more heat sources comprise natural 
distributed combustors. 



2316. The method of cJaim 2309, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 



the pressure is controlL 
a function of pressure, 



d as a function of temperature, or the temperature is controlled as 
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23 17. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. j 

23 1 8. The method of claim 2309, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hvarocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation/ 

Pwr = h'^V'^Cy'^pB / 

wherein Pwr is the heating eneriy/day, his an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

23 19. The method of claim 2309( wherein allowing the heat to transfer comprises 
transferring heat substantially by/conduction. 

2320. The method of claim 2^9, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2321 . The method of claimf 2309, ftirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least abott 25°. 

2322. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein theroroduced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 



2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2324. The method of claim 2309, further comprising producing a mixture firom the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when Calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2325. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight/ when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen/ 

2326. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2327. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about GO % by weight of the condensable hydrocarbons comprise 
oxygen containing compounas, and wherein the oxygen containing compounds comprise 
phenols. / 

2328. The method of clairn 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

compounds. ^ 

/ 

2329. The method of claim 2309, further comprising prody^ng a mixture from the 
formation, wherein the produced mixture comprises cond^sable hydrocarbons, and 
wherein less than about 5 % by weight of the condensabjie hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2330. The method of claim 2309, further comprismg producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the j/ondensable hydrocarbons are 
asphaltenes. 

233 1 . The method of claim 2309, further obmprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % .by weight to about 3p % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2333. The method of claim 2B09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2334. The method of claini 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises anmionia, and wherein the ammonia 
is used to produce fertilize! 



608 



Conley, Rose & Tayon, P C. 



2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of the selected section of the formationywherein the controlled pressure 
is at least about 2.0 bar absolute. 



2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

10 2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure of H/ within the mixture is measured when the 
mixture is at a production well. 



4= 



? = § 



2338. The method of claim 2309, furtner comprising altering a pressure within the 
15 formation to inhibit production of hycjrocarbons from the formation having carbon 
numbers greater than about 25. 



= 20 



2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the fomiktion. 



25 



2340. The method of claim/2309, further comprising: 

providing hydrogen/(H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion off the section with heat from hydrogenation. 



30 



2341 . The method of claim 2309, fiirther comprising: 

producing hydrdgen and condensable hydrocarbons from the formation; and 
hydrogenating A portion of the produced condensable hydrocarbons wdth at least a 

portion of the produced hydrogen. 
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2342. The method of claim 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section tp greater than about 100 
millidarcy. / ' 

2343. The method of claim 2309, wherein allowing the4ieat to transfer comprises 
substantially uniformly increasing a permeability of ainajority of the selected section. 

2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least about/7 heat sources are disposed in the formation 
for each production well 

2346. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 



2348. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat frpm one or more heat sources to at least a portion of the 
formation; 

allowing the he4t to transfer from the one or more heat sources to a selected 
section of the formatiq|n; and 
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controlling the heat to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. j 



2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons withiiythe selected section of the 
formation. 

2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperatiire range. 

2351. The method of claim 2348, wherein tl^e one or more heat sources comprise 
electrical heaters. 

2352. The method of claim 2348, where^ the one or more heat sources comprise 
surface burners. 

2353. The method of claim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2354. The method of claim 2348, wherein the one or more heat sources comprise natural 
distributed combustors. 

2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature within at least a majo^ty of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2356. The method of claim 23^8, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (F) of the hydrocarbon/ containing formation from the 
one or more heat sources, wherein the formation has an/average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the Volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energy/day,^ is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2359. The method of claim 2348, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is fi^•eater than about 0.5 W/(m °C). 

2360. The method of claim 234», further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25^. 

236 1 . The method of claim 
formation, wherein the prodi 
wherein about 0.1 % by weij 
are olefins. 

V 



548, further comprising producing a mixture from the 
:ed mixture comprises condensable hydrocarbons, and 
It to about 15 % by weight of the condensable hydrocarbons 
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2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-conaensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0. 1 5. / 

2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2364. The method of claim 2348, ftirther comprising producing a mixture from the 
formation, wherein the produced mixture cQ/mprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wjaen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2366. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about jO % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than abouti 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 
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2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condemable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the cc/ndensable hydrocarbons are 
asphaltenes. 

2370. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 ^/^ by weight of the condensable hydrocarbons 
are cycloalkanes. 

2371 . The method of claim 2348, furtl^r comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume orf the non-condensable component, and wherein the 
hydrogen is less than about 80 % by yolume of the non-condensable component. 

2372. The method of claim 2348, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2373. The method of claim 2348, iiurther comprising producing a mixture from the 
formation, wherein the produced n^ixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



2375. The method of claim 2348, further comprisingyControUing formation conditions to 
produce a mixture from the formation, wherein a par/ial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 yvithin the mixture is measured when the 
mixture is at a production well. 

2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production 
numbers greater than about 25. 



Iier I 

formation to inhibit production of hydrocarbons from the formation having carbon 



2378. The method of claim 2348,>mrther comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation, 

2379. The method of claim 2348, further comprising: 
providing hydrogen (Ifz) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2380. The method of claim 2348, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 

/ 

portion of the produced hydrogen. 
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2381. The method of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected sectioji to greater than about 100 
millidarcy. 

2382. The method of claim 2348, wherein allowing the/heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method of claim 2348, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat/sources are disposed in the formation 
for each production well. 

2384. The method of claim 2348, further coi^iprising providing heat from three or more 
heat sources to at least a portion of the forrnation, wherein three or more of the heat 
sources are located in the formation in a u^it of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2385. The method of claim 2348, fiii/ther comprising providing heat from three or more 
heat sources to at least a portion of tHe formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to focm a repetitive pattem of imits. 



2386. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a first section of the formation to pyrolyze at least some hydrocarbons in 

the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 

in the second section and produce a second mixture from the formation; and 

leaving an unpyrolyzea section between the first section and the second section to 

inhibit subsidence of the fomJation. 
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2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperatii^e range. 

2388. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. / 

2389. The method of claim 2386, wherein heating the firpt section or heating the second 
section comprises heating with a surface burner. / 

2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

2391. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

2392. The method of claim 2386, fiirther comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. / 

2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. 1 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: / 

heating a selected volume (F) of me hydrocarbon containing formation fi:om one 
or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

V 
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wherein heating energy/day provided to the volume is equal to or less than Pw, 
wherein Pwr is calculated by the equation: / 
Pwr = h'^V'^Cv'^pB / 
wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
X/day. / 

2395. The method of claim 2386, wherein heating the firsft section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

2398. The method of claim 2386, wherein t 
condensable hydrocarbons, and wherein aboi 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, whereii 
condensable hydrocarbons, and wherein a 
condensable hydrocarbons ranges from ab 



first or second mixture comprises 
0.1 % by weight to about 15 % by weight 



/the first or second mixture comprises non- 
lolar ratio of ethene to ethane in the non- 
)ut 0.001 to about 0.15. 



2400. The method of claim 2386, where n the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable h) drocarbons is nitrogen. 
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2401 . The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % ^y weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 



2402. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is gulfur. 

2403. The method of claim 2386, wherein the first o/ second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen contaipng compounds, and wherein the 
oxygen containing compounds comprise phenols. 

2404. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic comnounds. 

2405. The method of claim 2386, whereiiythe first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



2406. The method of claim 2386, wheijein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphalteres. 

2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 



2408. The method of claim 2386, wnerein the first or second mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
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hydrogen, and wherein the hydrogen is greater than about 1 0 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. 

/ 

/ 

2409. The method of claim 2386, wherein the first or ^second mixture comprises 
ammonia, and wherein greater than about 0.05 % by ^^eight of the first or second mixture 
is ammonia. / 



2410. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second sectio;( of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute.; 

2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wierein a partial pressure of H2 within the first or 
second mixture is greater than abouuO.S bar. 

2413. The method of claim 2386,/wherein a partial pressure of H2 within the first or 
second mixture is measured when/the first or second mixture is at a production well. 

2414. The method of claim 23&f5, further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
numbers greater than about 25 J 

241 5. The method of claim 2386, further comprising controlling formation conditions 
by recirculating a portion ouhydrogen from the first or second mixture into the formation. 

2416. The method of claim 2386, further comprising: 
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providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section/ respectively, with heat fi*om 
hydrogenation. / 

2417. The method of claim 2386, further compifsing: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the producga condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

241 8. The method of claim 2386, wherem heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about lOOymillidarcy. 

2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

2420. The method of claim 2886, fiirther comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by the Fischer Assay, from the first or second section, respectively. 

2421 . The method of claim 2386, wherein producing the first or second mixture 
comprises producing the nrst or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 

2422. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least /a portion of the formation, wherein three or more of the heat 
sources are located in me formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2423. The method of claim 2386, further comprising fwoviding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a imit of heat/sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a hydrocarbon con/iaining formation in situ, comprising: 
providing heat from one or more heat Sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation through one or more production wells, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. / 

2425. The method of claim 2424ywherein the one or more heat sources comprise at 
least two heat sources, and wheroin superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section within aipyrolysis temperature range. 

2427. The method of claim 2424, wherein the one or more heat sources comprise 
electrical heaters. / 

2428. The method of claim 2424, wherein the one or more heat sources comprise 
surface burners. / 
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2429. The method of claim 2424, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2430. The method of claim 2424, wherein the one pr more heat sources comprise natural 
distributed combustors. 

243 1 . The method of claim 2424, further composing controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2432. The method of claim 2424, furthe/ comprising controlling the heat such that an 
average heating rate of the selected sectpn is less than about 1 °C per day during 
pyrolysis. 

2433. The method of claim 2424, )vherein providing heat from the one or more heat 
sources to at least the portion of fohnation comprises: 

heating a selected volume((F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes ^ least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bjYthe equation: 
Pwr = hW^Cv'^ps 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, Pb is formation/bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



V 
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2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2437. The method of claim 2424, whereii 
hydrocarbons, and wherein about 0.1 % b^ 
condensable hydrocarbons are olefins. / 



/the produced mixture comprises condensable 
weight to about 15 % by weight of the 



2438. The method of claim 2424, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2439. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2440. The method of claim/2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2441 . The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/ hydrocarbons is sulfur. 

2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2443. The method of claim 2424, wherein the produced mixture comprises condensable 



2444. The method of claim 2424, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2446. The method of claim 2424, wierein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2447. The method of claim 2424, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



hydrocarbons, and wherein greater than about 20 ^ by weight of the condensable 



i/ 



hydrocarbons are aromatic compounds. /f 




V 
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2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2451. The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of ^2 within the mixture is greater than 
about 0.5 bar. 

2452. The method of claim 2452, wherein theypartial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424, further oomprising altering a pressure within the 
formation to inhibit production of hydroc^bons from the formation having carbon 
numbers greater than about 25. 

2454. The method of claim 2424, flirper comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2455. The method of claim 2424,ffiirther comprising: 

providing hydrogen (H2) tq the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sejction with heat fi"om hydrogenation. 



2456. The method of claim 242 
producing hydrogen and 1:1 



, further comprising: 

ondensable hydrocarbons from the formation; and 
hydrogenating a portion pf the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2457. The method of claim 
increasing a permeability of a 
miilidarcy. 



2^24 



, wherein allowing the heat to transfer comprises 
najority of the selected section to greater than about 100 
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2458. The method of claim 2424, wherein allowing the.heat to transfer comprises 
substantially uniformly increasing a permeability of a majprity of the selected section. 



5 2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
10 sources are located in the formation in a imit 91 heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

^ 2461 . The method of claim 2424, furthe/ comprising providing heat from three or more 

a heat sources to at least a portion of the formation, wherein three or more of the heat 

£l5 sources are located in the formation in A unit of heat sources, wherein the unit of heat 

fr sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

O over an area of the formation to form a repetitive pattern of units. 

y 2462. A method of treating a hydrocarbon containing formation in situ, comprising: 

fU 20 providing heat from one ior more heat sources to at least a portion of the 

~I formation, wherein the one or ipore heat sources are disposed within one or more first 

H wells; 

allowing the heat to tr/insfer from the one or more heat sources to a selected 
section of the formation; anc 
25 producing a mixture/from the formation through one or more second wells, 

wherein one or more of tha first or second wells are initially used for a first purpose and 
are then used for one or mpre other purposes. 

2463. The method of claim 2462, wherein the first purpose comprises removing water 
30 from the formation, and [wherein the second purpose comprises providing heat to the 
formation. 
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2464. The method of claim 2462, wherein the first purpose comprises removing water 

from the formation, and wherein the second purpose comprises producing the mixture. 

/ 

2465. The method of claim 2462, wherein the first purnose comprises heating, and 
wherein the second purpose comprises removing water/from the formation. 

2466. The method of claim 2462, wherein the first/purpose comprises producing the 
mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of claim 2462, wherein the/one or more heat sources comprise 
electrical heaters. / 

2468. The method of claim 2462, wherein the one or more heat sources comprise 
surface burners. / 

2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2470. The method of claim 2462,/wherein the one or more heat sources comprise natural 
distributed combustors. / 

2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0 ° C per day during 
pyrolysis. / 
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2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation^Has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation^ 

Pwr = h^V^Cy'^PB / 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2474. The method of claim 24©2, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2475. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins, 

2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0,15. 

2478. The methad of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the conqensable hydrocarbons is nitrogen. 
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2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

/ / 



2480. The method of claim 2462, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about i % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

248 1 . The method of claim 2462, whe/ein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by Weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2482. The method of claim 246a wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greatfer than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2485. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2486. The method of claim 2462, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable coijnponent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volupe of the non-condensable 
component, and wherein the hydrogen is less than about/sO % by volume of the non- 
condensable component. / 

2487. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2489. The method of claim 2462, further 
least a majority of the selected section off 
is at least about 2.0 bar absolute. / 



pomprising controlling a pressure within at 
le formation, wherein the controlled pressure 



2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than ^Dout 0.5 bar. 

2491 . The method of claim 249^, wherein the partial pressure of H2 is measured when 
the mixture is at a production we^i. 

2492. The method of claim 2^62, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

/ 

2493. The method of claini 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 
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2494. The method of claim 2462, further comprising: 

I 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hyidrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furtherycomprising hydrogenating a portion of 
the produced condensable hydrocarbons with at lefast a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tha selected section to greater than about 100 
millidarcy. / 

2497. The method of claim 2462, wheyein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2498. The method of claim 2462, yriirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production v^U, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a nbrtion of the formation, wherein three or more of the heat 
sources are located in thef formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 

2501 . The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



632 



Conley, Rose & Tayon, P.C. 



sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern' of units. 

/ 
/ 
/ 

2502. A method for forming heater wells in a hydrc/carbon containing formation, 
comprising: / 

forming a first wellbore in the formation/ 

forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating meclmnism within the first wellbore and at least one 
heating mechanism within the second werfbore such that the heating mechanisms can 
provide heat to at least a portion of the formation. 

2503. The method of claim 1, wherein superposition of heat firom the at least one 
heating mechanism within the first/wellbore and the at least one heating mechanism 
within the second wellbore pyrol/zes at least some hydrocarbons within a selected 
section of the formation. / 

2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyyolysis temperature range. 

2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
heaters. / 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. / 

2507. The method or claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. 
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2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. / 

2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

2510. The method of claim 2502, further compmsing controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about 1 °C per day during pyrolysis. 

25 1 1 . The method of claim 2502, further comprising: 

heating a selected volume (V)of toe hydrocarbon containing formation from the 
heating mechanisms, wherein the formatton has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eduation: 

wherein Pwr is the heating/ energy/day, /z is an average heating rate of the 
formation, ps is formation bulk d^sity, and wherein the heating rate is less than about 1 0 
°C/day. 

2512. The method of claim 2 
the heating mechanisms to at \ 
conduction. 

2513. The method of claii 
mechanisms to at least the 
least the portion of the fod 



)2, further comprising allowing the heat to transfer from 
bast the portion of the formation substantially by 



2502, further comprising providing heat from the heating 
portion of the formation such that a thermal conductivity of at 
lation is greater than about 0.5 W/(m ^'C). 
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2514. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2515. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2516. The method of claim 2502, further ccimprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane An the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

25 1 7. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

25 1 8. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the producoa mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is/oxygen. 

2519. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the prJduced mixture comprises condensable hydrocarbons, and 
wherein less than about \J% by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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<i _. 

A 

2520. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 



2521 . The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the coi^Aensable hydrocarbons are aromatic 
compounds. 



2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the/condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by wei^t of the condensable hydrocarbons are 
asphaltenes. 

2524. The method of claim 2502, mrther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to ^bout 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % byvolume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2526. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammbnia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

jg producing a mixture from the 
ammonia, and wherein the ammonia 

2528. The method of claim 2502, further coitifprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2529. The method of claim 2528, wherein the partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2530. The method of claim 2502,yiurther comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. / 

253 1 . The method of claim 2502, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abouu25. 

2532. The method of claim 2502, fixrther comprising producing a mixture from the 
formation and controUiiig formation conditions by recirculating a portion of hydrogen 
from the mixture into ti/e formation. 

2533. The method o: 
providing hyd 

formation; and / 
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2527. The method of claim 2502, fiirther comprisi: 
formation, wherein the produced mixture comprises 
is used to produce fertilizer. / 



/claim 2502, further comprising: 

togen (H2) to the portion to hydrogenate hydrocarbons within the 



heating a portion of the formation with heat from hydrogenation. 



2534. The method of claim 2502, further comprising: / 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2535. The method of claim 2502, fiirther compmsing allowing heat to transfer from the 
heating mechanisms to a selected section of th^formation to pyrolyze at least some 
hydrocarbons within the selected section such/that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2536. The method of claim 2502, furthe/ comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected secti^in such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2537. The method of claim 2503; fiarther comprising controlling the heat to yield greater 
than about 60 % by weight of coridensable hydrocarbons, as measured by the Fischer 
Assay. / 

2538. The method of claim^502, fixrther comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. / 

2539. The method of claim 2502, fiirther comprising forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore. 



2540. The method of claim 2502, further comprising providing heat from three or more 



heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources', and wherein the unit of heat 
sources comprises a triangular pattern. j 

2541 . The method of claim 2502, further comprising Providing heat from three or more 
heat sources to at least a portion of the formation, wnerem three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

2542. A method for installing a heater well jnto a hydrocarbon containing formation, 
comprising: 

forming a bore in the ground using a/steerable motor and an accelerometer; and 
providing a heating mechanism within the bore such that the heating mechanism 
can transfer heat to at least a portion ofythe formation. 

2543. The method of claim 2542, farther comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of the formation. 

2544. The method of claim 2542, fiirther comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2545. The method of claipi 2542, wherein the heating mechanism comprises an 
electrical heater 

2546. The method of cj'aim 2542, wherein the heating mechanism comprises a surface 
burner. 

2547. The method of blaim 2542, wherein the heating mechanism comprises a flameless 
distributed combustor. 
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2548. The method of claim 2542, wherein the heating mechanism comprises a natural 
distributed combustor. j 

i 

2549. The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2550. The method of claim 2542, further comprisingy(;ontrolling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 ^'C peryflay during pyrolysis. 

255 1 . The method of claim 2542, further comprising: 

heating a selected volume iy)oi the hwrocarbon containing formation from the 
heating mechanism, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least someyhydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating enjfergy/day, /; is an average heating rate of the 
formation, Pe is formation bulk densyty, and wherein the heating rate is less than about 10 
°C/day. 

2552. The method of claim 2542,/further comprising allowing the heat to transfer from 
the heating mechanism to at least ^he portion of the formation substantially by 
conduction. 



2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2554. The method of claim 2542, further comprising producing a mixture from the 



2555. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises^condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2556. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane m the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2557. The method of claim 2542, furftier comprising producing a mixture from the 
formation, wherein the produced mi?pire comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2558. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is/oxygen. 

2559. The method of claim 2542, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 vo by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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2560. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensablje hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensal^le hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2561 . The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises conaensable hydrocarbons, and 
wherein greater than about 20 % by weight of the conaensable hydrocarbons are aromatic 
compounds. / 

2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2563. The method of claim 2542, furthe/ comprising producing a mixture from the 
formation, wherein the produced mixtiue comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weimt of the condensable hydrocarbons are 
asphaltenes. / 

2564. The method of claim 2542yfurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2565. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensabW component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about SO % by volume of the non-condensable component. 
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2566. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia,^^d wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia./ 



2567. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2568. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2569. The method of claim 2542, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2570. The method of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2571 . The method of claim 2542, rarther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2572. The method of claim 2542, further comprising producing a mixture from the 
formation and controlling formaiion conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2573. The method of claim 2542, further comprising: 

providing hydrogen (1^2) to the at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 
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heating a portion of the formation with heat from hydrogenation. 



2574. The method of claim 2542, fiirther comprising: / 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced conden/able hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



2575. The method of claim 2542, fiirther comprising allowing heat to transfer from the 
heating mechanism to a selected section of the fomiation to pyrolyze at least some 
hydrocarbons within the selected section such tWat a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



'^15 



= 20 
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2576. The method of claim 2542, fiirtherycomprising allowing heat to transfer from the 
heating mechanism to a selected section pf the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method of claim 2542/ fiirther comprising controlling the heat to yield greater 
than about 60 % by weight of cojidensable hydrocarbons, as measured by the Fischer 
Assay. 

2578. The method of claim 2^542, fiirther comprising producing a mixture in a 
production well, and whereinf at least about 7 heating mechanisms are disposed in the 
formation for each productio(n well. 

2579. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in thje formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a trisbgular pattern. 



30 
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2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fomiation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive partem of units. 

2581. A method for installing of wells in a hydi?ocarbon containing formation, 
comprising: / 

forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within/the wellbore such that the heating 
mechanism can transfer heat to at least a portion of the formation. 

2582. The method of claim 258 1, fiirmer comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2583. The method of claim 258 1/ wherein the heating mechanism comprises an 
electrical heater. / 

2584. The method of claim £581, wherein the heating mechanism comprises a surface 
burner. / 

2585. The method of claim 258 1, wherein the heating mechanism comprises a flameless 
distributed combustor. / 

2586. The method of claim 258 1, wherein the heating mechanism comprises a natural 
distributed combustorj 

2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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2588. The method of claim 258 1 , further comprising ^controlling the heat from the 
heating mechanism such that heat transferred from th^e heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 

/' 

2589. The method of claim 258 1 , further compr/sing: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
heating mechanism, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some Ip^drocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatio|l: 
O Pwr = h'^V'^Cy'^pB 

m wherein Pwr is the heating energy/day, is an average heating rate of the 

J 15 formation, pB is formation bulk densi^, and wherein the heating rate is less than about 10 
W °C/day. 



25 



2590. The method of claim 258L fiirther comprising allowing the heat to transfer from 
the heating mechanism to at lea^ the portion of the formation substantially by 



' 20 conduction. 



259 1 . The method of claim 268 1 , fiirther comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

2592. The method of claim 258 1 , fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



30 2593 . The method of claim 2581, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

I 

I 
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wherein about 0.1 % by weight to about 15 % by weight of the cpndensable hydrocarbons 
are olefins. 

I 

I 

2594. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises noi^-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about 0.15. / 

2595. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when Calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2596. The method of claim 2581, furtheryfcomprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein less than about 1 % by weightywhen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen./ 

2597. The method of claim 258 1 , iurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is siufur. 

2598. The method of claim 358 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to abom 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2599. The method of craim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

compounds. /' 

/ 

2600. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condmsable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2601. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2602. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixtureycomprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2603. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2604. The method of claim 2581 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the prcjduced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2606. The method of claim 2581, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wheyein the controlled pressure is 
at least about 2.0 bar absolute. 

5 

2607. The method of claim 258 1, further comprising 
produce a mixture from the formation, wherein a partis 
is greater than about 0.5 bar. / 

10 2608. The method of claim 2607, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production/well. 

O 2609. The method of claim 2581, further comprising altering a pressure within the 

formation to inhibit production of hydrocarbons from the formation having carbon 
fll5 numbers greater than about 25. / 



itroUing formation conditions to 
pressure of H2 within the mixture 



2610. The method of claim 2581, fiirmer comprising producing a mixture from the 
formation and controlling formation oonditions by recirculating a portion of hydrogen 
from the mixture into the formation. / 

261 1 . The method of claim 258 1 ,/further comprising: 

providing hydrogen (H2) to at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a portion of the lormation with heat from hydrogenation. 

2612. The method of claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hynrogen. 
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2613. The method of claim 2581, further comprising allowiii g heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a penneability of a majority of a 
selected section of the formation increases to greater man about 100 millidarcy. 

2614. The method of claim 2581, further compri/ing allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section suclythat a permeability of a majority of the 
selected section increases substantially uniformly. 

2615. The method of claim 2581, furthp comprising controlling the heat to yield greater 
than about 60 % by weight of condenssmle hydrocarbons, as measured by the Fischer 
Assay. / 

2616. The method of claim 258 U further comprising producing a mixture in a 
production well, and wherein at/east about 7 heat sources are disposed in the formation 
for each production well. / 

2617. The method of claim 2581, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the imit of heat 
sources comprises a triangular pattern. 

2618. The method of claim 2581, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of ihe formation to form a repetitive pattem of units. 

2619. A memod of treating a hydrocarbon containing formation in situ, comprising: 
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heating a selected section of the formation with a heating element placed within a 



weilbore, wherein at least one end of the heating element i^ free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 



2620. The method of claim 261 9, further comprising at least two heating elements 
within at least two wellbores, and wherein superposition of heat from at least the two 
heating elements pyrolyzes at least some hydrocaroons within a selected section of the 
formation. / 

262 1 . The method of claim 26 1 9, fiarther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2622. The method of claim 2619, wherein the heating element comprises a pipe-in-pipe 
heater. / 

2623 . The method of claim 26 1 9, werein the heating element comprises a flameless 
distributed combustor. / 

2624. The method of claim 26lJ9, wherein the heating element comprises a mineral 
insulated cable coupled to a sunport, and wherein the support is free to move within the 
wellbore. / 

2625. The method of claim £619, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 

2626. The method of claun 2619, further comprising controlling a pressure and a 
temperature within at least a majority of a heated section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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2627. The method of claim 2619, further comprising controlling the heat such that an 

average heating- rate of the heated section is less than about 1 ''C per day during pyrolysis. 

/ 

/ 

2628. The method of claim 2619, wherein heating thq' section of the formation further 
comprises: / 

heating a selected volume (F) of the hydroca^on containing formation from the 
heating element, wherein the formation has an average heat capacity (Cv), and wherein 
the heating pyrolyzes at least some hydrocarbons ^ithin the selected volume of the 
formation; and 

wherein heating energy/day provided t()%e volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h''V''Cy''ps 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2629. The method of claim 2619, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 



2630. The method of claim 2619, further comprising heating the selected section of the 
formation such that a thermal co;iductivity of the selected section is greater than about 
0.5 W/(m °C). 



263 1 . The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about/25°. 



2632. The method of claim 261 9, fiirther comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, and 

/ 

wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 
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2633. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2634. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprise? Londensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2635. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2636. The method of claim 2619, fiulher comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulf 

2637. The method of claim 2m9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 60 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounqs, and wherein the oxygen containing compounds comprise 
phenols. 

2638. The method of claiin 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 
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2639. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable/tiydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2640. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprise^^ condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2641 . The method of claim 261 9, further ccmiprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30^% by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2642. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 8y % by volume of the non-condensable component. 

2643. The method of claini 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight or the produced mixture is ammonia. 

2644. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2645. The method of claim 2619, further comprising controlling a pressure within the 

selected section of the formation, wherein the controlled pressure is iat least about 2.0 bar 

/ 

absolute. 



2646. The method of claim 2619, further comprising controlling formation conditions to 
produce a mixture firom the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2647. The method of claim 2647, wherein the partiar pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2648. The method of claim 2619, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2649. The method of claim 2619, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation.. 

2650. The method of claim 261 9/ further comprising: 
providing hydrogen (H2)/io the heated section to hydrogenate hydrocarbons 

within the heated section; and 

heating a portion of the' section with heat from hydrogenation. 

265 1 . The method of claini/26 1 9, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2652. The method of claim 2619, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 

/ 
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2653. The method of claim 2619, wherein heating comprises substantially uniformly 

/ / 

increasing a permeability of a majority of the heated sectioA. / 



2654. The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons^^^measured by the Fischer Assay. 

2655. The method of claim 2619, further compris^g producing a mixture in a 
production well, and wherein at least about 7 heat/sources are disposed in the formation 
for each production well. 



2656. The method of claim 261 9, further comprising providing heat from three or more 
heat sources to at least a portion of the fon^ation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern 




2657. The method of claim 2619, further comprising providing heat from three or more 



heat sources to at least a portion of^e formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tcy form a repetitive pattern of units. 



2658. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to/transfer from the one or more heat sources to a selected 

section of the formation; aj^id 

producing a mixture from the formation through a production well, wherein the 

production well is located^ such that a majority of the mixture produced from the 

formation comprises nonicondensable hydrocarbons and a non-condensable component 

comprising hydrogen. 
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2659. The method of claim 2658, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2660. The method of claim 2658, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature 

266 1 . The method of claim 2658, wherein the production well is less than 
approximately 6 m from a heat source of the one or more heat sources. 

2662. The method of claim 2658, wherein the production well is less than 
approximately 3 m from a heat source of me one or more heat sources. 

2663. The method of claim 2658, wherein the production well is less than 
approximately 1.5 m from a heat source of the one or more heat sources. 

2664. The method of claim 2658, wherein an additional heat source is positioned within 
a wellbore of the production well. 

2665. The method of claim ^658, wherein the one or more heat sources comprise 
electrical heaters. 

2666. The method of clai/n 2658, wherein the one or more heat sources comprise 
surface burners. 



2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed colibustors. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatur^, or the temperature is controlled as 
a function of pressure. 

2670. The method of claim 2658, further comprising controlling the heat such that an 
average heating rate of the selected section is ^ss than about 1 °C per day during 
pyrolysis. 

2671 . The method of claim 2658, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at le^st some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/d^y provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = hWC^'^pB I 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, pB is formation bu^k density, and wherein the heating rate is less than about 10 
°C/day. 



2672. The method of claim 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the ^elected section comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658, wherein providing heat frqm the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weigl^ to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2676. The method of claim 2658, wherein 4 molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2677. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2678. The method of claim 2658,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2679. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le^s than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2680. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise^ 3xygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2681. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. /' 

/ 
/ 

2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight /f the condensable 
hydrocarbons comprises multi-ring aromatics with more man two rings. 

2683. The method of claim 2658, wherein the produiced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % bwweight of the condensable 
hydrocarbons are asphaltenes. / 

2684. The method of claim 2658, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes/ 

2685. The method of claim 2658, whermn the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aoout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2686. The method of claim 2658ywherein the produced mixture comprises ammonia, 
and wherein greater than about O.p % by weight of the produced mixture is ammonia. 

2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2688. The method of claim ^658, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2690. The method of claim 2689, wherein the partial measure of H2 within the mixture 
is measured when the mixture is at a production well. 

2691 . The method of claim 2658, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbonyfrom the formation having carbon 
numbers greater than about 25. 

2692. The method of claim 2658, furtherycomprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, further comprising: 
providing hydrogen (H2) toyihe heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sfection with heat from hydrogenation. 

2694. The method of claim 2658, further comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeabilijty of a majority of the selected section to greater than about 100 
millidarcy. 



2696. The method 01 claim 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 

than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

/ 

Assay. /' 

/ 

/ 

/ 

2698. The method of claim 2658, wherein producing the niixture comprises producing 
the mixture in a production well, and wherein at least abojat 7 heat sources are disposed in 
the formation for each production well. 



2699. The method of claim 2658, further comprisyg providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of ^eat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2700. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the foraiation, wherein three or more of the heat 
sources are located in the formation in a' unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern /and wherein a plurality of the units are repeated 
over an area of the formation to fomi/a repetitive pattem of imits. 

2701 . A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion of the formation from one or more first heat 

sources placed within a pattem in/the formation; 

allowing the heat to trans/er from the one or more first heat sources to a first 
section of the formation; 

heating a second sectiori of the formation with at least one second heat source, 
wherein the second section is located within the first section, and wherein at least the one 

/ 

second heat source is configi^ed to raise an average temperature of a portion of the 
second section to a higher temperature than an average temperature of the first section; 
and 
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producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
condensable hydrocarbons and a non-condensable component comprising H2 
components. 

2702. The method of claim 2701, wherein the one or more first heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wijthin the first section of the formation. 

2703. The method of claim 2701, further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 

2704. The method of claim 2701, wherein at least the one heat source comprises a 
heater element positioned within the pr/duction well. 

2705. The method of claim 2701, )vherein at least the one second heat source comprises 
an electrical heater. 

2706. The method of claim 2/0 1, wherein at least the one second heat source comprises 
a surface bumer. 



2707. The method of claim 2701, wherein at least the one second heat source comprises 
a flameless distributed combustor. 



2708. The method of claim 2701, wherein at least the one second heat source comprises 
a natural distributed/combustor. 



2709. The method of claim 2701, ftxrther comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a /function of pressure. 
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2710. The method of claim 270 1 , further comprising controlUng the heat such that an 
average heating rate of the first section is less than about 1 per day during pyrolysis. 

271 1. The method of claim 2701, wherein providing heat to the formation further 
comprises: / 

heating a selected volume (F) of the hydrocarbon containing formation fi-om the 
one or more first heat sources, wherein the formatio/ has an average heat capacity (Cv), 
and wherein the heating pyrolyzes at least some hydrocarbons within the selected volume 
of the formation; and / 

wherein heating energy/day provided tc/the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = hW'^Cy'^PB I 

wherein Pwr is the heating energwday, /z is an average heating rate of the 
formation, pe is formation bulk density, yand wherein the heating rate is less than about 10 
°C/day. / 

2712. The method of claim 270 1 /vherein allowing the heat to transfer comprises 
transferring heat substantially byyconduction. 

2713. The method of claim 2701, wherein providing heat from the one or more first heat 
sources comprises heating the first section such that a thermal conductivity of at least a 
portion of the first section is/greater than about 0.5 W/(m °C). 

2714. The method of cla/m 2701, wherein the produced mixture comprises condensable 
hydrocarbons having an/VPI gravity of at least about 25°. 

2715. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and vyherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2716. The method of claim 2701, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to aboyt 0.15. 

2717. The method of claim 2701, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

271 8. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2719. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is mlfur. 

2720. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2721. The method of claim 270 y, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2722. The method of claim /2 70 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and whereirmess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2723 . The method of c/laim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are as^haltenes. 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to aboi^c 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2725. The method of claim 2701 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 2701 , wherein ^he produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2727. The method of claim 2701, whei/ein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2728. The method of claim 2701 , mrther comprising controlling a pressure within at 
le£ist a majority of the first or the second section of the formation, wherein the controlled 
pressxire is at least about 2.0 bar absolute. 



2729. The method of claim 2701, further comprising controlling formation conditions to 
produce the mixture, wherein ^ partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



2730. The method of claim/2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

273 1 . The method of claim 270 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aboi^t 25. 
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2732. The method of claim 2701 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture Wo the formation. 



/ 



2733. The method of claim 270 1 , further comprising: 
providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. 

2734. The method of claim 2701 , further /Comprising: 
producing condensable hydrocarbons fi*om the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2735. The method of claim 270 K wherein allowing the heat to transfer comprises 
increasing a permeability of a rpajority of the first or second section to greater than about 
100 millidarcy. 

2736. The method of claim 2701 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the first or second 
section. 

2737. The method of claim 2701 , wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by the Fischp Assay. 

2738. The method of claim 2701, wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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2739. The method of claim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701, further comprising p/oviding heat from three or more 
heat sources to at least a portion of the formation, whe/ein three or more of the heat 
sources are located in the formation in a unit of heat ^ources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive /pattern of units. 

2741. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat into the formation from a plurality of heat sources placed in a 

pattern within the formation, wherein a spacing between heat sources is greater than 
about 6 m; / 

allowing the heat to transfer from the plurality of heat sources to a selected 
section of the formation; / 

producing a mixture from ther formation from a plurality of production wells, 
wherein the plurality of production Avells are positioned within the pattern, and wherein a 
spacing between production wells is greater than about 12 m. 

2742. The method of claim 274A, wherein superposition of heat from the plurality of 
heat sources pyrolyzes at least ^me hydrocarbons within the selected section of the 
formation. 

2743. The method of claii 
the selected section within 

2744. The method of claim 2741, wherein the plurality of heat sources comprises 
electrical heaters. / 



^2741, further comprising maintaining a temperature within 
pyrolysis temperature range. 
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2745. The method of claim 2741, wherein the plurality of heat sources comprises 
surface burners. 

/ 

2746. The method of claim 274 1 , wherein the plurality of hea/sources comprises 
flameless distributed combustors. / 

2747. The method of claim 2741 , wherein the plurality omeat sources comprises 
natural distributed combustors. / 

2748. The method of claim 2741 , further comprisingycontroUing a pressure and a 
temperature within at least a majority of the selectedysection of the formation, wherein 
the pressure is controlled as a function of temperatySre, or the temperature is controlled as 
a function of pressure. / 

2749. The method of claim 2741 , further corriprising controlling the heat such that an 
average heating rate of the selected section is/less than about 1 °C per day during 
pyrolysis. / 

2750. The method of claim 2741 , wherem providing heat from the plurality of heat 
comprises: / 

heating a selected volume (V) oy the hydrocarbon containing formation from the 
plurality of heat sources, wherein the rormation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at leas/ some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the yequation: 

Pwr = hWC^'^ps I 

wherein Pwr is the heattng energy/day, his an average heating rate of the 
formation, pB is formation bu^ density, and wherein the heating rate is less than about 10 
°C/day. / 
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275 1 . The method of claim 274 1 , wherein allowing the heat /to transfer comprises 
transferring heat substantially by conduction. / 

2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at liast ayportion of the selected section is 
greater than about 0.5 W/(m °C). / 

2753. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least pout 25°. 

2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % byAveight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2755. The method of claim 2741, wh/rein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fcom about 0.001 to about 0.15. 

2756. The method of claim 274 Y, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2757. The method of claimy274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and whereiniess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is oxygen. 

2758. The method of c/aim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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2759. The method of claim 2741, wherein the produced mixtije comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2761 . The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witlymore than two rings. 

2762. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. / 

2763. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byyweight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2764. The method of claim 2741, wherein the produced mixture comprises a non- 
condensable component, wherein the/non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tha^ about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 



2765. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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2766. The method of claim 2741, wherein the produced mixti^re comprises ammonia, 



and wherein the ammonia is used to produce fertilizer. ^ 

/ 



2767. The method of claim 2741, further comprising confroUing a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2768. The method of claim 2741, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 



2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2770. The method of claim 2741, furthey comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

277 1 . The method of claim 274 1 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2772. The method of claim 274 1 / further comprising: 

providing hydrogen (H2) 10 the selected section to hydrogenate hydrocarbons 
within the selected section; and / 

heating a portion of the/selected section with heat from hydrogenation. 

2773 . The method of claim'274 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a j^ortion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2774. The method of claim 2741, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. I, 

2775. The method of claim 2741 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a msg ority of the selected section. 



2776. The method of claim 2741, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



2777. The method of claim 2741, wherein at/least about 7 heat sources are disposed in 
the formation for each production well. 



2778. The method of claim 2741 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation i^ a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



2779. The method of claim 2741, /further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation totfbrm a repetitive pattern of units. 



2780. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in ai opening in the formation, wherein the heater is configured 

to provide heat to at least a y()rtion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed^in the opening, wherein the conduit is configured to provide an 
oxidizing fluid fi-om the oxidizing fluid source to a reaction zone in the formation during 
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use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the.jeaction zone; and 

wherein the system is configured to allow heat to tr^sfer substantially by 

/' 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 

/ 
/ 

2781 . The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the^^^ation is controlled. 

2784. The system of claim 2780, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the /conduit is not substantially heated by oxidation. 

2785. The system of claim 2780,/vherein the conduit is further configured to remove an 
oxidation product. 

2786. The system of claim 278'0, wherein the conduit is further configured to remove an 
oxidation product such that th^ oxidation product transfers substantial heat to the 
oxidizing fluid. 



2787. The system of claim/2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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2788. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid iii the conduit and a 
pressure of the oxidation product in the conduit are controlled tO/reduce contamination of 



the oxidation product by the oxidizing fluid. 



/ 



/ 



2789. The system of claim 2780, wherein the conduit is Mther configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reacnon zone. 



10 2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beycmd the reaction zone. 



Ql5 

iii 

HI 
Q 

'p20 



25 



2791 . The system of claim 2780, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is cionfigured to provide the oxidizing fluid into 
the opening during use, and wherein theyconduit is further configured to remove an 
oxidation product during use. 

2792. The system of claim 2780,ywherein the portion of the formation extends radially 
from the opening a width of less/than approximately 0.2 m. 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the seconcy conduit is disposed within the opening, and wherein the 
conductor is configured toykeat at least a portion of the formation during application of an 
electrical current to the conductor. 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formatiop during application of an electrical current to the insulated 
conductor. 
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2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during applicatkin of an electrical current to the 
at least the one elongated member. / 

2796. The system of claim 2780, further comprisin^a heat exchanger disposed external 
to the formation, wherein the heat exchanger is comigured to heat the oxidizing fluid, 
wherein the conduit is further configured to proyde the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. / 

2797. The system of claim 2780, further/comprising an overburden casing coupled to 
the opening, wherein the overburden ca/ing is disposed in an overburden of the 
formation. / 

2798. The system of claim 2780, mrther comprising an overburden casing coupled to 
the opening, wherein the overbur^n casing is disposed in an overburden of the 
formation, and wherein the overtfurden casing comprises steel. 

2799. The system of claim 27j80, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, whereinAhe overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2802. The system of claim 2780, further comprising an c/yerburden casing coupled to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation, wherein a packing material is disposed at a/unction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780, wherein the sypem is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 

heater is further configurable to provide heat to at least a portion of the formation during 
use; I 

a conduit configurable to be disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid firom an oxidizing fluid source to a reaction 
zone in the formation during use, andyWherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the system is fiirther configurable to allow heat to transfer substantially 
by conduction from the reaction /zone to a pyrolysis zone of the formation during use. 

2805. The system of claim 2804, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffiision. 



2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 
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2807. The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2808. The system of claim 2804, wherein the conduit i^ further configurable to be 
cooled with the oxidizing fluid such that the conduit is/aot substantially heated by 
oxidation. 

2809. The system of claim 2804, wherein the c9/nduit is further configurable to remove 
an oxidation product. 

2810. The system of claim 2804, wherein me conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

2811. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2812. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by themidizing fluid. 

2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, ana wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2815. The system of claim 2804, further comprising a ce^r conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. ^'^^ / 

2816. The system of claim 2804, wherein the portion/of the formation extends radially 
jfrom the opening a width of less than approximately p2 m. 

28 1 7. The system of claim 2804, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. / 

2818. The system of claim 2804, further oomprising an insulated conductor disposed 
within the opening, wherein the insulatecyconductor is configurable to heat at least a 
portion of the formation during applicat/on of an electrical current to the insulated 
conductor. / 

2819. The system of claim 2804, mrther comprising at least one elongated member 
disposed within the opening, whenein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2820. The system of claim 2804, further comprising a heat exchanger disposed external 
to the formation, wherein ttte heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is furaier configurable to provide the heated oxidizing fluid into the 
opening during use, and ywherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 
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282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an Oy/erburden of the 
formation. 



2822. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is rurther disposed in cement. 

2824. The system of claim 2804, further coniprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2825. The system of claim 2804, furthey comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the paclcing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2826. The system of claim 2804/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein'the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyrojyze at least some hydrocarbons in the pyrolysis zone. 

2828. An in situ method for heating a hydrocarbon containing formation, comprising: 
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heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons wdthin the portion of the formation with an oxidizing fluid; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and / 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2829. The method of claim 2828, further comprising/transporting the oxidizing fluid 
through the reaction zone by diffusion. 

2830. The method of claim 2828, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orific^/of a conduit disposed in the opening. 

283 1 . The method of claim 2828, fiirther comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduii disposed in the opening such that a rate of 
oxidation is controlled. 

2832. The method of claim 2828, furthep- comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wMerein a conduit is disposed in the opening, the 
method further comprising cooling tjae conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



2834. The method of claim 28^8, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 
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2835. The method of claim 2828, wherein a conduit is disposed' within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. j 

I 

i 

2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method ftirther comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid/(n the conduit is approximately 
equal to a flow rate of the oxidation product in the ctfinduit. 

2837. The method of claim 2828, wherein a comuit is disposed within the opening, the 
method ftirther comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing itn oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

2839. The method of claim 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of claimy2828, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

2841 . The method ofyfclaim 2828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, ^herein the conduit is disposed 
within the opening. 

2843. The method of claim 2828, wherein heating me portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 



10 



2844. The method of claim 2828, wherein heatihg the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 



\15 



2845. The method of claim 2828, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed/external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 



-"1 



RJ 



P 



2846. The method of claim 2828, 
prior to heating the portion. 



ler comprising removing water from the formation 



' 20 2847. The method of claim 2828,/further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



25 



2848. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overljoirden casing is disposed in an overburden of the 
formation. 



30 



2849. The method of claiin 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2850. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in'an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



5 285 1 . The method of claim 2828, further comprising ooupling an overburden casing to 
the opening, wherein a packing material is disposed aya junction of the overburden 
casing and the opening. 

2852. The method of claim 2828, wherein the py/olysis zone is substantially adjacent to 
10 the reaction zone. 

2853. A system configured to heat a hydrocaA)on containing formation, comprising: 
a heater disposed in an opening in the^formation, wherein the heater is configured 

to provide heat to at least a portion of the formation during use; 
15 an oxidizing fluid source; 

a conduit disposed in the opening( wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluidysource to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
P reaction zone during use such that heat is generated at the reaction zone, and wherein the 

g 20 conduit is further configured to remove an oxidation product from the formation during 
use; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

25 2854. The system of claim 2863, wherehi the oxidizing fluid is configured to generate 
heat in the reaction zone such Ahat the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
30 the orifices are configurer to provide the oxidizing fluid into the opening. 



Q 
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2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is contrblled. 

/. 
/■ 

2857. The system of claim 2853, wherein the conduit i^|further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



2858. The system of claim 2853, wherein the conduit is fiirther configured such that the 
oxidation product transfers heat to the oxidizing fluid. 



2859. The system of claim 2853, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate o^the oxidation product in the conduit. 



2860, The system of claim 2853, whereirya pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product iythe conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 



2861. The system of claim 2853, wherein the oxidation product is substantially inhibited 
fi-om flowing into portions of the formation beyond the reaction zone. 



2862. The system of claim 2853,yWherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. 



2864. The system of claim 2853, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2865. The system of claim 2853, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during appUcation of an 
electrical current to the conductor. j 

2866. The system of claim 2853, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the fonnation during application of an elecmcal current to the insulated 
conductor. / 

2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the fonnation during application of an electrical current to the 
at least the one elongated member. / 

2868. The system of claim 2853, furthei/comprising a heat exchanger disposed external 
to the formation, wherein the heat exchmger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the Meated oxidizing fluid is configured to heat at least a 
portion of the formation during use. / 

2869. The system of claim 2853, mrther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2870. The system of claim 28o3, further comprising an overburden casing coupled to 
the opening, wherein the ovemurden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2871. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2872. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein a packing material is dispose^ at a junction of the overburden 
casing and the opening. 

2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing niaterial is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materiay is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2875. The system of claim 2853,ywherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2876. A system configurable lo heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 
use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
fixrther configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
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that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation during^use; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone during use. 



2877. The system of claim 2876, wherein the oxidising fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fl^id is transported through the reaction 
zone substantially by diffusion. 

10 2878. The system of claim 2876, wherein the^conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

O 2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 

m and wherein the critical flow orifices are^configurable to control a flow of the oxidizing 

^ 15 fluid such that a rate of oxidation in thp formation is controlled. 

Q 

HI 2880. The system of claim 2876, Wherein the conduit is further configurable to be 

L cooled with the oxidizing fluid su^ that the conduit is not substantially heated by 

4« oxidation. 

£ 20 

H 2881 . The system of claim 2^6, wherein the conduit is further configurable such that 

the oxidation product transfei/s heat to the oxidizing fluid. 

2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
25 conduit is approximately /equal to a flow rate of the oxidation product in the conduit. 

2883. The system of yclaim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the/oxidation product in the conduit are controlled to reduce 
contamination of thp oxidation product by the oxidizing fluid. 

30 
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2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

/ 

2885. The system of claim 2876, wherein the oxidizing/fluid is substantially inhibited 
from flowing into portions of the formation beyond the/reaction zone, 

2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. / 

2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2888. The system of claim 2876, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is/disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor 

2889. The system of claim 2876/ further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. / 

2890. The system of claim 2876, further comprising at least one elongated member 
disposed within the opermig, wherein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least me one elongated member. 

2891 . The system/of claim 2876, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is fixrther configurable to provide the heated oxidizing fluid into the 
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opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2893. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 



2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden /asing is further disposed in cement. 



2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2896. The system of claim 2876,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wlierein the packing material comprises cement. 
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2898. The system of claim 2876, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the^pyrolysis zone. 



2899. An in situ method for heating a hydrocarbon containing formation, comprising: 

/ 

heating a portion of the formation to a temperature sufficie^it to support reaction of 
hydrocarbons within the portion of the formation with an/oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat in the reaction zone; 

removing at least a portion of an oxidationyproduct through the opening; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

2901 . The method of claim 2899, further/comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a cpnduit disposed in the opening such that a rate of 
oxidation is controlled. 



2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
fluid in the opening to acconmiodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 



2904. The method of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 
conduit is not substantially heated by oxidation. 
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2905. The method of claim 2899, wherein a conduit is dispose^! within the opening, and 
wherein removing at least the portion of the oxidation product' through the opening 
comprises removing at least the portion of the oxidation pvo^nct through the conduit. 

2906. The method of claim 2899, wherein a conduit is^isposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidati()n product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. 



2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
wherein removing at least the portion of the c4idation product through the opening 
comprises removing at least the portion oftlie oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid/in the conduit is approximately equal to a flow 
rate of the oxidation product in the conduit. 



2908. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising cony oiling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. 



2909. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 
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2910. The method of claim 2899, further comprising substantiaky inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



29 1 1 . The method of claim 2899, wherein a center conduif is disposed within an outer 
conduit, and wherein the outer conduit is disposed within tiie opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 

29 12. The method of claim 2899, wherein the potion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in/a conduit, wherein the conduit is disposed 
within the opening. 

2914. The method of claim 2899, whe(-ein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 

2915. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2916. The method of claim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the ope/iing comprises transferring heat from the heated oxidizing 
fluid to the portion. 

2917. The method of clapi 2899, further comprising removing water from the formation 
prior to heating the portion. 

291 8. The method of/claim 2899, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed i^ an overburden of the 
formation. / 



2920. The method of claim 2899, further comprisingycoupling an overburden casing to 
the opening, v^herein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing commises steel. 

2921 . The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2922. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein a packing material is/disposed at a junction of the overburden 
casing and the opening. / 

2923. The method of claim 2899, wheriein the pyrolysis zone is substantially adjacent to 
the reaction. / 

2924. A system configured to heat a nydrocarbon containing formation, comprising: 
an electric heater disposed in an opening in the formation, wherein the electric 

heater is configured to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use suph that heat is generated at the reaction zone; and 

wherein the system is/configured to allow heat to transfer substantially by 
conduction from the reactioryzone to a pyrolysis zone of the formation during use. 
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2925. The system of claim 2924, wherein the oxidizin^ifluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid i/transported through the reaction 
zone substantially by diffusion. / 



2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are coniigured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2928. The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



2929. The system of claim 2924, yherein the conduit is further configured to remove an 
oxidation product. 



2930. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the react^/n zone. 

2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond/the reaction zone. 



2935. The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 



2936. The system of claim 2924, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburdei/casing is disposed in an overburden of the 
formation. 



2938. The system of claim 2924/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overourden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2940. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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2941 . The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a j^ction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2942. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein/the system is further configured such that 
transferred heat can pyrolyze at least sonie hydrocarbons in the pyrolysis zone. 

2944. A system configurable to heat a hydrocarbon containing formation, comprising: 
an electric heater configurable to be disposed in an opening in the formation, 

wherein the electric heater is further/configurable to provide heat to at least a portion of 
the formation during use, and wherein at least the portion is located substantially adjacent 
to the opening; 

a conduit configurable to /be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formationyduring use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction fi-om the reaction zone to a pyrolysis zone of the formation during use. 

2945. The system of claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by [diffusion. 
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2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable/to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is/controlled. 



2948. The system of claim 2944, wherein the ccmduit is further configurable to be 
cooled with the oxidizing fluid such that the co^iduit is not substantially heated by 
oxidation. 

2949. The system of claim 2944, wherein/the conduit is further configurable to remove 
an oxidation product. 



2950. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



2951 . The system of claim 2944ywherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow ralie of the oxidation product in the conduit. 



2952. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



2953. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, an^ wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 
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2954. The system of claim 2944, wherein the oxidizing^ fluid is substantially inhibited 
from flowing into portions of the formation beyond the/reaction zone. 



2955. The system of claim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurablef to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is fjirther configurable to remove an 
oxidation product during use. 



2956. The system of claim 2944, wherein ^e portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2957. The system of claim 2944, fiather comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2958. The system of claim 2944,^^further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2959. The system of claim 2944, ftirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 



nap: 
ing/ 



casing and the opening^ 

2961 . The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein/a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

/' 

2962. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed^ at a junction of the overburden casing 
and the opening, and wherein the packing maternal comprises cement. 



2963. The system of claim 2944, wherein the sys^tem is further configurable such that 
transferred heat can pyrolyze at least some^ydrocarbons in the pyrolysis zone. 



2964. A system configured to heat a^hydrocarbon containing formation, comprising: 

a conductor disposed in a first conduit, wherein the first conduit is disposed in an 

opening in the formation, and wherein the conductor is configured to provide heat to at 

least a portion of the formation during use; 
an oxidizing fluid sourc^{ 

a second conduit disposed in the opening, wherein the second conduit is 
configured to provide an oxidizing fluid from the oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons ay the reaction zone during use such that heat is generated at the 
reaction zone; and / 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2965. The system of claim 2964, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2966. The system of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 
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2967. The system of claim 2964, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a flow of the 

oxidizing fluid such that a rate of oxidation in the formation is controlled. 

/ 

/ 

/ 

2968. The system of claim 2964, wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the pcond conduit by oxidation. 

2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 



2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. 



2971 . The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and where/n a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 



2972. The system of claim 2964, vmerein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2973. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, iind wherein the oxidation product is substantially inhibited 
from flovsdng into portions or the formation beyond the reaction zone. 

2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flov^ng into portions of the formation beyond the reaction zone. 
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2975. The system of claim 2964, further comprising a center,/^onduit disposed within 
the second conduit, wherein the center conduit is configured/to provide the oxidizing 
fluid into the opening during use, and wherein the second cpnduit is further configured to 
remove an oxidation product during use. 

2976. The system of claim 2964, wherein the portion of the formation extends radially 
from the opening a width of less than approximately O.i m. 

2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disjjosed in an overburden of the 
formation. 



2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casin^is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2979. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburd/n casing is further disposed in cement. 



2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2981 . The system of claim 2^54, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 

/ 

and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction/of the overburden casing 
and the opening, and wherein the packing material comprises .cement. 



2983. The system of claim 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons /n the pyrolysis zone. 

2984. A system configurable to heat a hydrocarbon containing formation, comprising: 
a conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat/to at least a portion of the formation 
during use; / 

a second conduit configurable to be disposed in the opening, wherein the second 
conduit is further configurable to provide a^ oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the fonnation during use, and wherein the system is 
configurable to allow the oxidizing fluidy/o oxidize at least some hydrocarbons at the 



reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zon^'to a pyrolysis zone of the formation during use. 

2985. The system of claim 2984, /wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such th^i the oxidizing fluid is transported through the reaction 
zone substantially by diffusion.) 

2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

2987. The system of claim 2984, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 
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2988. The system of claim 2984, wherein the second conduit is further configurable to 

/ 

be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 



2989. The system of claim 2984, wherein the second con^auit is further configurable to 
remove an oxidation product. 

2990. The system of claim 2984, wherein the second/conduit is fiorther configurable to 
remove an oxidation product such that the oxidatioiyproduct transfers heat to the 
oxidizing fluid. 

299 1 . The system of claim 2984, wherein the iecond conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of thc/Oxidation product in the second conduit. 



2992. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 



2993. The system of claim 2984/ wherein the second conduit is further configxarable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
fi-om flowing into portions of th^ formation beyond the reaction zone. 



2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions oi the formation beyond the reaction zone. 



2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, whei^ein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. 
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2996. The system of claim 2984, wherein the portion Jt the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

/ 

2997. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isy^isposed in an overburden of the 



formation, and wherein the overburden casing comprises steel. 

2999. The system of claim 2984, further cmnprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden easing is further disposed in cement. 

3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3001 . The system of claim 2984/ further comprising an overburden casing coupled to 
the opening, wherein the overbyden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein^e packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3002. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3003. The system of claim 2984, wherein the system is fiirtheiyconfigurable such that 
transferred heat can pyrolyze at least some hydrocarbons in thfe pyrolysis zone. 

3004. An in situ method for heating a hydrocarbon containing formation, comprising: 
5 heating a portion of the formation to a temperature/sufficient to support reaction 

of hydrocarbons within the portion of the formation with/an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 
to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; / 
10 providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react witly at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reacticm zone; and 
O transferring the generated heat substptially by conduction from the reaction zone 

m to a pyrolysis zone in the formation. 

W 3005. The method of claim 3004, farmer comprising transporting the oxidizing fluid 

o 

|ii through the reaction zone by diffusio^ 

LJ / 

£ 3006. The method of claim 3004,/further comprising directing at least a portion of the 

'% 20 oxidizing fluid into the opening tl^ough orifices of a second conduit disposed in the 
H opening. 

3007. The method of claim 30'04, fiirther comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 

25 rate of oxidation is controUea. 

3008. The method of claim 3004, fiirther comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation i^ substantially constant over time within the reaction zone. 

30 
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3009. The method of claim 3004, wherein a second conduit is disposed in the opening, 
the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. / 

3010. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation pfepduct from the 
formation through the second conduit. / 

3011. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removin^/^ oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. 



3012. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising/removing an oxidation product from the 
formation through the second conduit,ywherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal to a flow rate of the oxidation product in the 
second conduit. / 

3013. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 

3014. The method of cl^m 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 
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3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed withiji the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



301 8. The method of claim 3004, further comprising removing water from the formation 
prior to heating the portion. 



3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit produ4ion of oxides of nitrogen during oxidation. 



3020. The method of claim 3004, fipther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3021. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the^verburden casing is disposed in an overburden of the 
formation, and wherein/the overburden casing is further disposed in cement. 
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3023. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3024. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed in an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use; / 
an oxidizing fluid source; 



a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a^eaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to^oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3025. The system of claim 3024, whereji the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 



zone substantially by diffusion. 



3026. The system of claim 3024, wl^erein the conduit comprises orifices, and wherein 
the orifices are configiu-ed to provide the oxidizing fluid into the opening. 



3027. The system of claim 3024^ wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3028. The system of claim 3024, wherein the conduit is configured to be cooled with the 
oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3029. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product. j 

3030. The system of claim 3024, wherein the conduit is fwjdcr configured to remove an 
oxidation product, and wherein the conduit is further confined sdch that the oxidation 
product transfers substantial heat to the oxidizing fluid. ^ 

303 1 . The system of claim 3024, wherein the conduit ^s further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the^oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluic 

3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024, whei/ein the oxidizing fluid is substantially inhibited 
from flowing into portions of the forrnation beyond the reaction zone. 

3035. The system of claim 3024, mirther comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and whe^in the conduit is further configured to remove an 
oxidation product during use. 

3036. The system of claim S024, wherein the portion of the formation extends radially 
firom the opening a width of less than approximately 0.2 m. 
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3037, The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an qverburden of the 



3038. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3041. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materiaJ is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening md the overburden casing during use. 

3042. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing/material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyro^yze at least some hydrocarbons in the pyrolysis zone. 



3044. A system configurable to heat a hydrocarbon containing formation, comprising: 



formation. 





711 



Conley, Rose & Tayon, P C. 



an insulated conductor configurable to be disposed in an opening in the formation, 
wherein the insulated conductor is further configurable to proA)de heat to at least a 
portion of the formation during use; / 

a conduit configurable to be disposed in the opening / wherein the conduit is 
fiirther configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the' system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 



3046. The system of claim 3044, wherein/the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3048. The system of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid su<p that the conduit is not substantially heated by 
oxidation. / 

3049. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product. / 

3050. The system of clainy 3044, wherein the conduit is further configurable to remove 
an oxidation product, suchjthat the oxidation product transfers heat to the oxidizing fluid. 
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305 1 . The system of claim 3044, wherein the conduit is fiirthe? configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3052. The system of claim 3044, wherein the conduit is ^irther configurable to remove 
an oxidation product, and wherein a pressure of the oxidi2(ing fluid in the conduit and a 
pressure of the oxidation product in the conduit are cont/oUed to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation n/oduct is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3054. The system of claim 3044, wherein tne oxidizing fluid is substantially inhibited 
from flowing into portions of the formatioii beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the ^onduit is further configurable to remove an 
oxidation product during use. 

3056. The system of claim 3044,/wherein the portion of the formation extends radially 
fi-om the opening a width of less man approximately 0.2 m. 



3057. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the ove^urden casing is disposed in an overburden of the 
formation. 



V 
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3058. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/ 

5 3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3060. The system of claim 3044, further comprising an overburden casing coupled to 
10 the opening, wherein a packing material is disposed px a junction of the overburden 

casing and the opening. 

3061. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isMisposed in an overburden of the 

15 formation, wherein a packing material is disused at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3062. The system of claim 3044, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3063. The system of claim 3044, wherein the system is further configurable such that 
25 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3064. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the/formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
30 heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 
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providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a pgrtion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and / 

transferring the generated heat substantially by conduction from the reaction zone 

to a pyrolysis zone in the formation. j 

I 

j 

3065. The method of claim 3064, further comprising ^transporting the oxidizing fluid 
through the reaction zone by diffusion. 



3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices/of a conduit disposed in the opening. 

3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit ydisposed in the opening such that a rate of 
oxidation is controlled. 

3068. The method of claim 3064, furthu^r comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially/constant over time within the reaction zone. 

3069. The method of claim 3064, ^erein a conduit is disposed in the opening, the 
method further comprising cooling ythe conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3070. The method of claim 30^4, wherein a conduit is disposed within the opening, the 
method further comprising ren^oving an oxidation product from the formation through 
the conduit. 



3071 . The method of claim' 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation produpt from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid i^^the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between tl^e oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



3074. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting th^oxidation product from flowing into portions 
of the formation beyond the reaction zone 



3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3076. The method of claim 3064, wherein a center conduit is disposed v^thin an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3077. The method of claim 30^, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. y 

/ 

3079. The method ot claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3080. The method of claim 3064, further comprising^coupling an overburden casing to 
the opening, v^herein the overburden casing is dispo/ed in an overburden of the 
formation. 



308 1 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is^isposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3083. The method of claim 3064, rarther comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3084. The method of claim 306^4, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3085. An in situ method for/heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substant'ially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
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portion, wherein the insulated conductor is coupled to a conduit^ wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in t^c formation; 

allowing the oxidizing fluid to react with at least j[ portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by/conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3086. The method of claim 3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 



3088. The method of claim 3085, furtner comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate ^ increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



3089. The method of claim 3085yfurther comprising cooling the conduit with the 
oxidizing fluid to reduce heating of the conduit by oxidation. 



3090. The method of claim 3085, further comprising removing an oxidation product 
from the formation through th^ conduit. 



3091 . The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 



3092. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 
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3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce jjontamination of the oxidation 
product by the oxidizing fluid. 

3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 

3095. The method of claim 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of ihe formation beyond the reaction zone. 



3096. The method of claim 3085, wherein a center conduit is disposed within the 
conduit, the method further comprising providing the oxidizing fluid into the opening 
through the center conduit and removing/an oxidation product through the conduit. 



3097. The method of claim 3085, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 3085, fi^rther comprising removing water from the formation 
prior to heating the portion. 

3099. The method of claim 3085,/ further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

/ 

3 100. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overb^urden casing is disposed in an overburden of the 
formation. 
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3101. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in ^ overburden of the 
formation, and wherein the overburden casing comprises steel. 



3 102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispos^ in an overburden of the 
formation, and wherein the overburden casing is farmer disposed in cement. 



3 103. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disp9sed at a junction of the overburden 
casing and the opening. 

3 104. The method of claim 3085, wherei^ the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3 105. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member disposed in an opening in the formation, wherein at 

least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; 

an oxidizing fluid source;] 

a conduit disposed in the/opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system ^s configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3 106. The system of ci^m 3 1 05, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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3 1 07. The system of claim 3105, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 1 08. The system of claim 3105, wherein the conduit cbmprises critical flow oriflces, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

/ 

3 109. The system of claim 3 105, wherein the conduit is fiirther configured to be cooled 
with the oxidizing fluid such that the conduit is not /Substantially heated by oxidation. 



3110. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product. I 



3111. The system of claim 3 1 05, wherein the conduit is further configured to remove an 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3112. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the/oxidation product in the conduit. 



3113. The system of claim 3 1 05, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



3114. The system of claim 3105/wherein the conduit is further configured to remove an 
oxidation product, and wherein tlie oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3115. The system of claim 3^1 05, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



V 
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3116. The system of claim 3 105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to proviiie the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. / 



3117. The system of claim 3 1 05, wherein the portion of the formation extends radially 
from the opening a width of less than approximately Qjl m. 

3118. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3119. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 120. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3 105, fiirther comprising an overburden casing coupled to 
the opening, wherein a packing ma):erial is disposed at a junction of the overburden 
casing and the opening. 

3 122. The system of claim 3 lOp, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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3123. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an i) verburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3 1 24. The system of claim 3105, wherein the system is ftrther configured such that 
transferred heat can pyrolyze at least some hydrocarbons/in the pyrolysis zone. 

3 125. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed in an opening in the 

formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposed inythe opening, wherein the conduit is 
further configurable to provide an oxidizing fldid from the oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is fiirther configurable to allow heat to transfer substantially 
by conduction fi-om the reaction zone to a pyrolysis zone of the formation during use. 

3126. The system of claim 3125, whe/ein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the pxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 1 27. The system of claim 3125, ^herein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



3128. The system of claim 3 125, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow ^rifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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3 129. The system of claim 3 125, wherein the conduit is further configurable to be 

cooled with the oxidizing fluid such that the conduit is not substantially heated by 

/ 

oxidation. 



/ 
/ 

3130. The system of claim 3 125, wherein the condui^ is further configurable to remove 
an oxidation product. / 



3131. The system of claim 3 125, wherein the cor;iduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3 1 32. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rat/ of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3133. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



3 1 34. The system of claim 3 12 J, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the fomiation beyond the reaction zone. 



3135. The system of claim 3 125, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions /fthe formation beyond the reaction zone. 



3136. The system of claim 3 125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 
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3137. The system of claim 3 125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3138. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed ip an overburden of the 
formation. 



3139. The system of claim 3125, further comprising An overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3 140. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/is further disposed in cement. 



3141. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein a packing material i^^isposed at a junction of the overburden 
casing and the opening. 



3 142. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materiaj^is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3 143 . The system of claim 3 1 25,^further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3 144. The system of claim 3 125, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in,the pyrolysis zone. 

/ 

3 145. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperatu^ sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; / 

providing the oxidizing fluid to a reaction ^one in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction/zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3 146. The method of claim 3 145, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening througn orifices of a conduit disposed in the opening. 



3 148. The method of claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a cpnduit disposed in the opening such that a rate of 
oxidation is controlled. 



3 149. The method of claim 3 145 / further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3 150. The method of claim 3 145, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. ^ 

3151. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation prodi/ct from the formation through 
the conduit. 

3 152. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidatipn product in the conduit to the 
oxidizing fluid in the conduit. 

3153. The method of claim 3145, wherein ^conduit is disposed within the opening, the 
method further comprising removing an oxipation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3 1 54. The method of claim 3 145, wheriein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce cont^inination of the oxidation product by the oxidizing 
fluid. 

3155. The method of claim 3 145, /wherein a conduit is disposed within the opening, the 
method further comprising remowng an oxidation product from the formation through 
the conduit and substantially inmbiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3 156. The method of claim il45, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 
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3 157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the op>6ning, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3158. The method of claim 3 145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 ml 



3 1 59. The method of claim 3 145, further comprising removing water from the formation 
prior to heating the portion. 



3 160. The method of claim 3 145, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3161. The method of claim 3145, further composing coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3 1 62. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3 163. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden4asing is further disposed in cement. 



3 164. The method of claim 3 145, ftirther comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3 165. The method of claim 3 145, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

/ 

3 166. A system configured to heat a hydrocarbon containing formation, comprising: 

a heat exchanger disposed external to the formation, wherein the heat exchanger 

f 

is configured to heat an oxidizing fluid during use; / 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizing fluid fi-om the heat exchanger to at least a portion of the formation 
during use, wherein the system is configured to allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least someiaydrocarbons at a reaction zone in the 
formation during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allo,w heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3 167. The system of claim 3 166, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3 168. The system of claim 3 1 66, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 169. The system of claim 3 166, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices/are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation inme formation is controlled. 

3 1 70. The system of claim 3 1 66,/wherein the conduit is fiirther configured to be cooled 
with the oxidizing fluid such thatfthe conduit is not substantially heated by oxidation. 

3171. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product. 
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3 1 72. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

/ 

/ 

3 1 73 . The system of claim 3 1 66, wherein the conduit i^ further configured to remove an 
oxidation product, and wherein a flow rate of the oxidking fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3 1 74. The system of claim 3 1 66, wherein the conauit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. / 

3175. The system of claim 3 1 66, wherein tMe conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beypnd the reaction zone. 

3 1 76. The system of claim 3 1 66, wher^n the oxidizing fluid is substantially inhibited 
from flowing into portions of the formalfion beyond the reaction zone. 

3 1 77. The system of claim 3 1 66, further comprising a center conduit disposed within 
the conduit, wherein the center conduii is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

3 1 78. The system of claim 3 1 66, ^ 
from the opening a width of less thj 

3 179. The system of claim 3 166/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



jfherein the portion of the formation extends radially 
, approximately 0.2 m. 
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3180. The system of claim 3 1 66, further comprising an overburden casing coupled to 

/ 

the opening, wherein the overburden casing is disposed in an/overburden of the 
formation, and wherein the overburden casing comprisess^eel. 

3181. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is dispos^ in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3 1 82. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3 1 83. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3 1 84. The system of claim 3 1/66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wher^n the packing material comprises cement. 

3 1 85. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heat exchanger^configurable to be disposed external to the formation, wherein 

the heat exchanger is fljther configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable t(|' provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer firom the heated oxidizing fluid to at least the portion of the formation 
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during use, and wherein the system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at the reaction zone; and j 

wherein the system is further configurable to allow^lieat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3 1 86. The system of claim 3 1 85, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid/is transported through the reaction 
zone substantially by diffusion. 



3 187. The system of claim 3 185, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



3 1 88. The system of claim 3 1 85, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3 1 89. The system of claim 3185, wherein the conduit is fiorther configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



3 190. The system of claim 3 1 85, v^herein the conduit is fiirther configurable to remove 
an oxidation product. 



3191. The system of claim 3185/ wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3 192. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flov^ rate of the oxidation product in the conduit. 



732 Coniey, Rose & Tayon, P C. 



3 1 93 . The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controUeid to reduce contamination of 
the oxidation product by the oxidizing fluid. / 

3 194. The system of claim 3185, wherein the conduit is/further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reac/ion zone. 

3 195. The system of claim 3185, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3 196. The system of claim 3185, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configyable to provide the oxidizing fluid into the 
opening during use, and wherein the second conduit is further configurable to remove an 
oxidation product during use. 



3 197. The system of claim 3 185, whereiy the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3 198. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3 199. The system of claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3200. The system of claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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320 1 . The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a juncti^on of the overburden 
casing and the opening. j 

3202. The system of claim 3185, further comprising an oi/erburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3203. The system of claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3204. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation ty^a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 

heating comprises: j 

heating the oxidizing fluid with a/heat exchanger, wherein the heat exchanger is 

disposed external to the formation; 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 

formation; and 

allowing heat to transfer from/the heated oxidizing fluid to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated/heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 
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3205. The method of claim 3204, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. ^ 

3206. The method of claim 3204, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit Hisposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. / 

3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant overyfime within the reaction zone. 

3209. The method of claim 3204, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 



32 10. The method of claim 3204, wherein a 
method further comprising removing an oxidi 
the conduit. / 



pnduit is disposed within the opening, the 
Ltion product from the formation through 



321 1 . The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing ary oxidation product from the formation through 
the conduit and transferring heat fi-omihe oxidation product in the conduit to the 
oxidizing fluid in the conduit. / 

3212. The method of claim 3204,/wherein a conduit is disposed within the opening, the 
method further comprising remowng an oxidation product from the formation through 



735 



Conley, Rose & Tayon, P.C. 



the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit./"^* 



/ 



3213. The method of claim 3204, wherein a conduit is^ disposed within the opening, the 

/ 

method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of jne oxidation product by the oxidizing 
fluid. 



3214. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 



of the formation beyond the reaction zoney 



3215. The method of claim 3204, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3216. The method of claim 3204, jv^herein a center conduit is disposed within an outer 
conduit, and wherein the outer coruiuit is disposed within the opening, the method further 
comprising providing the oxidizii|g fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



321 7. The method of claim 3^04, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3218. The method of claimp204, further comprising removing water from the formation 
prior to heating the portion. 

3219. The method of claim 3204, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3220. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

/ 

/ 

322 1 . The method of claim 3204, further comprising coi/pling an overburden casing to 
the opening, wherein the overburden casing is disposed^n an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3222. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disj^osed in an overburden of the 
formation, and wherein the overburden casing is ftjrther disposed in cement. 



3223. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3224. The method of claim 3204, where/n the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3225. An in situ method for heating a^ydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: / 

oxidizing a fuel gas in a heater, wherein the heater is disposed extemal to the 
formation; j 

providing the oxidized fu^l gas from the heater to the portion of the formation; 

and 

allowing heat to transfer/from the oxidized fuel gas to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 
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allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction^^ne; and 

transferring the generated heat substai](tially by conduction from the reaction zone 

/ 

to a pyrolysis zone in the formation. / 

3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through'^rifices of a conduit disposed in the opening. 



3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



3229. The method of claim 3225, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3230. The method of claim 3225, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



323 1 . The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further C9mprising removing an oxidation product fi-om the formation through 
the conduit. 



3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method furtlier comprising removing an oxidation product from the formation through 
the conduit'^and transferring heat from the oxidation product in the conduit to the 
oxidizing /fluid in the conduit. 
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3233. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method fiirther comprising removing an oxidation product frp'm the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in tii^ conduit is approximately 
equal to a flow rate of the oxidation product in the conduir. 

3234. The method of claim 3225, wherein a condui|^s (^isposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between tl^/ oxidizing fluid and the oxidation 
product in the conduit to reduce contamination^of the oxidation product by the oxidizing 
fluid. 



3235. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3237. The method of claim 3225, wherein a center conduit is disposed within an outer 
conduit, and wherein the^^uter conduit is disposed within the opening, the method fiirther 
comprising providing tfie oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3238. The method^ of claim 3225, wherein the portion of the formation extends radially 
from the openings width of less than approximately 0,2 m. 



3239. The method of claim 3225, further comprising removing water from the formation 
prior to heating the portion. 
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3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxidqs of nitrogen during oxidation. 



3241 . The method of claim 3225, further comprising coupling an overburden casing to 
the opening, v^herein the overburden casing is disposed in an overburden of the 



formation. 



3242. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3243. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3244. The method of claim 3225 /further comprising coupling an overburden casing to 
the opening, wherein a packing i^aterial is disposed at a junction of the overburden 
casing and the opening. 



3245. The method of claim 3^25, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3246. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed within an open wellbore in the formation, 

wherein the insulated conductor is configured to provide radiant heat to at least a portion 

of the formation during use; and 

wherein the system is configured to allow heat to transfer fi"om the insulated 

conductor to a selected^ection of the formation during use. 
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3247. The system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. / 

/ 

:/ 

3248. The system of claim 3246, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 



3249. The system of claim 3246, further comprising a support member and a centrahzer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 



the support member. / 



/ 

3250. The system of claim 3246, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 



325 1 . The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantial'ly no heat. 



3252. The system of claim 324^6, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein thp lead-in conductor comprises a rubber insulated 
conductor. 



3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein' the lead-in conductor comprises a copper wire. 



3254. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a'^cold pin transition conductor. 

/ 
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3255. The system of claim 3246, fiirther comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance inflated conductor. 

5 3256. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, ancywherein the electrically insulating 
material is disposed in a sheath. 

3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
10 disposed in an electrically insulating material, and wherein the conductor comprises a 

copper-nickel alloy. 

3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulatingymaterial, wherein the conductor comprises a copper- 

15 nickel alloy, and wherein the copp^-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 

20 nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 

25 material comprises a thXmally conductive material. 



3261 . The system oi claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material compriseymagnesium oxide. 

30 
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3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, whereii|i the electrically insulating material 
comprises magnesium oxide, 
at least approximately 1 mm. 



comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 



3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and/wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 



3264. The system of claim 3246, wherein theansulated conductor comprises a conductor 

disposed in an electrically insulating material, wherein the electrically insulating material 

comprises magnesium oxide, wherein the rnagnesium oxide comprises grain particles, 

and wherein the grain particles are configured to occupy porous spaces within the 

/ 

magnesium oxide. / 

/ 
/ 
/ 

3265. The system of claim 3246, wherein the insulated conductor comprises a conductor 

disposed in an electrically insulating/material, and wherein the electrically insulating 

/ 

material is disposed in a sheath, and' wherein the sheath comprises a corrosion-resistant 
material. 



3266. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insuliting material, and wherein the electrically insulating 
material is disposed in a sheatli, and wherein the sheath comprises stainless steel. 



3267. The system of claim/3246, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 

/ 

are configured in a 3 -phase Y configuration. 



3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
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support member, and wherein the insulated conductor and the additional insulated 

conductor are configured in a series electrical configuration. 

/' 
/ 

3269. The system of claim 3246, further comprising an g'dditional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3270. The system of claim 3246, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 11 50 W/m during use. 



3271 . The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow throughyrhe support member into the open wellbore 
during use. / 

3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, whferein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open w^lbore during use. 

3273. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the open 
wellbore during use. / 

3274. The system of clami 3246, fiirther comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the open 
wellbore during use. / 




744 



Conley, Rose & Tayon, P.C. 



3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 



3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed j/^an overburden of the 
formation, and wherein the overburden casing comprises stee 



3277. The system of claim 3246, further comprising an cDve^burden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3278. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



3280. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overb/rden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 



3281 . The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is/fconfigured to couple to the lead-in 
conductor. / 



3282. The system of claim 3246, wherein the ^stefn is further configured to transfer 
heat such that the transferred heat can pyrolyz^ at le^ast some of the hydrocarbons in the 
selected section. 



3283. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor configurable to be disposed within an open wellbore in the 

formation, wherein the insulated condu4or is further configurable to provide radiant heat 

to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the insulated 

conductor to a selected section of the formation during use. 



3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 



3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 



3286. The system of claim 3283, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 



3287. The system of claim 3283, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 
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3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. / 



3289. The system of claim 3283, further comprisyig a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

3290. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3291 . The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pi^^transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 



3294. The system of claim^3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 



disposed in an electrical 



weight to approximately 



y insulating material, wherein the conductor comprises a copper- 



nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 



12 % nickel by weight. 
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3296. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein -the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 



3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, aiid wherein the electrically insulating 
material comprises a thermally conductive maierial. 



3298. The system of claim 3283, wherein/the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3299. The system of claim 3283, wh^ein the insulated conductor comprises a conductor 
disposed in an electrically insulating^ material, wherein the electrically insulating material 
comprises magnesium oxide, and vyherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 



3300. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum /xide and magnesium oxide. 



3301 . The system of claim'3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically ^insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain p^articles are configurable to occupy porous spaces within the 
magnesium oxide. j 

i 

i 

3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 

j 

disposed in an electrically insulating material, and wherein the electrically insulating 
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material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 

/ * 

r 

material. / 

/ 

3303. The system of claim 3283, wherein the insiilated conductor comprises a conductor 
disposed in an electrically insulating material, an^ wherein the electrically insulating 
material is disposed in a sheath, and wherein the/sheath comprises stainless steel. 



3304. The system of claim 3283, further comprising two additional insulated 
conductors, wherein the insulated conductor4nd the two additional insulated conductors 

/ 

10 are configurable in a 3 -phase Y configuration. 



3305. The system of claim 3283, further comprising an additional insulated conductor, 
Q wherein the insulated conductor and the additional insulated conductor are coupled to a 

m I 

^ support member, and wherein the insulated conductor and the additional insulated 

|\ 15 conductor are configurable in a series electrical configuration. 



□ 



3306. The system of claim 3283, further comprising an additional insulated conductor, 

.L. wherein the insulated conductor and the additional insulated conductor are coupled to a 

y / 

support member, and wherein the insulated conductor and the additional insulated 

ru / 

£ 20 conductor are configurable in a parallel electrical configuration. 



3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



25 3308. The system of/claim 3283, further comprising a support member configurable to 
support the insulated'conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 



30 3309. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 

V 
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orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



/ 

I 

1 



33 1 0. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to pyoiide a flow of fluid into the open 
wellbore during use. 



33 1 1. The system of claim 3283, further comprising a tube coupled to the first insulated 

conductor, wherein the tube comprises critical flow orifices configurable to provide a 

/ 

substantially constant amount of fluid flow' through the support member into the open 



wellbore during use. 



33 12. The system of claim 3283, furtlier comprising an overburden casing coupled to 
the open wellbore, wherein the overb^urden casing is disposed in an overburden of the 
formation. 



33 13. The system of claim 3283^' further comprising an overburden casing coupled to 
the open wellbore, wherein the o^verburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



33 14. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein th^ overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



33 15. The system of claim|3283, further comprising an overburden casing coupled to 
the open wellbore, wherein^the overburden casing is disposed in an overburden of the 
formation, and wherein a i|acking material is disposed at a junction of the overburden 
casing and the open wellbore. 



3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



331 7. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casmg is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packmg material comprises cement. 



3318. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the idsulated conductor, wherein the wellhead is 
disposed external to the overburden, w{ierein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 



33 19. The system of claim 3283, wherein the system is further configured to transfer 
heat such that the transferred heat^can pyrolyze at least some hydrocarbons in the selected 
section. 



3320. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide radiant heat to 

at least a portion of the formation, wherein the insulated conductor is disposed within an 

open wellbore in the formation; and 

allowing the radiant heat to transfer from the insulated conductor to a selected 

section of the formation. 



3321 . The method of claim 3320, further comprising supporting the insulated conductor 
on a support member. / 
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3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
member with a centralizer. / 



/ 



3323. The method of claim 3320, wherein the insul/ted conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore,/and wherein the three insulated 
conductors are electrically coupled in a 3-phase Y configuration. 

3324. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. 



3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein^the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 



3326. The method of claim 3320,^wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 



3327. The method of claim 3320, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3328. The method of claimy3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. 



3329. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating materiaL wherein the conductor 
comprises a copper-nickel alloy, and wherein the copp^-nickel alloy comprises 
approximately 2 % nickel by weight to approximately /6 % nickel by weight. 

/ 

3331. The method of claim 3320, wherein the insiiated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxidey 



3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium/oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electricallj^insulating material, and wherein the electrically 
insulating material comprises aluniinum oxide and tnagnesium oxide. 



3334. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises/magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein^the grain particles are configured to occupy porous spaces 
within the magnesium oxide. 



3335. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath{^and wherein the sheath comprises a corrosion-resistant material. 
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3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3337. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the open wellbore through an orifice in the 
support member. 




3338. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 



3339. The method of claim 3320^wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 



3340. The method of claim 3320, wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amojint a fluid into the open wellbore through critical flow orifices 
in the tube. 



3341 . The method of claim 3320, ftirther comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 



3342. The method/of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method fiirther comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 
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3343. The method of claim 3320, further comprising -determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. j 

} 
I 

3344. The method of claim 3320, further compr^ing monitoring a leakage current of the 

insulated conductor. / 

/ 
/ 

3345. The method of claim 3320, further comprising monitoring the applied electrical 
current. 



3346. The method of claim 3320, further comprising monitoring a voltage appUed to the 
insulated conductor. 

3347. The method of claim 3320, flfrther comprising monitoring a temperature in the 
insulated conductor with at least on^ thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3349. The method of claim j320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 



3350. The method of claiyi 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 



3351. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disjjfosed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3353. The method of claim 3320, further comprising toupHng an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

3355. The method of claim 3320, further ccJmprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further/comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

3357. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current/to an insulated conductor to provide heat to at least 

a portion of the formation, whereinythe insulated conductor is disposed within an opening 
in the formation; and 

allowing the heat to transfer from the insulated conductor to a section of the 
formation. 

3358. The method of claim F, further comprising supporting the insulated conductor on 
a support member. ^ 
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3359. The method of claim 1, further comprising supporting the insulated conductor on 
a support member and maintaining a location of the first .insulated conductor on the 
support member with a centralizer. / 

/ 

3360. The method of claim 1 , wherein the insulated/ conductor is coupled to two 

7 

additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wnerein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 



3361 . The method of claim 1 , wherein an additional insulated conductor is disposed 
within the opening. 



3362. The method of claim 1 , wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



3363. The method of claim 1 , wherein an additional insulated conductor is disposed 
within the opening, and wherein the ^insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3364. The method of claim 1 , wherein the provided heat comprises approximately 500 
W/m to approximately 1 150 W/m. 



3365. The method of claim 1 ,/wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



3366. The method of claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electricall/ insulating material, wherein the conductor comprises a copper- 
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nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 

weight to approximately 12 % nickel by weight. , 

/ 

3367. The method of claim 1, wherein the insulated conductor comprises a conductor 



disposed in an electrically insulating material, whereii/the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy coniprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. / 



3368. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 



3369. The method of claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 



3370. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulatmg material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 



3371 . The method of claim r, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain panicles are configured to occupy porous spaces within the 
magnesium oxide. 



3372. The method ^f claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the insulating material is disposed 
in a sheath, and wherein the sheath comprises a corrosion-resistant material. 
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3373. The method of claim 1, wherein the insulated conductor comprises a conductor 

disposed in an electrically insulating material, wherein the insulating material is disposed 

/ 

in a sheath, and wherein the sheath comprises stainless steel. 

/ 

/ 

3374. The method of claim 1, further comprising sup^brting the insulated conductor on 
a support member and flowing a fluid into the opening through an orifice in the support 
member. 



3375. The method of claim 1 , further comprising supporting the insulated conductor on 
a support member and flowing a substantially cpnstant amount of fluid into the opening 
through critical flow orifices in the support member. 



3376. The method of claim 1 , wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the/method further comprising flowing a fluid into 
the opening through the perforated tube: 



3377. The method of claim 1 , wherein a tube is disposed in the opening proximate to the 
insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 



3378. The method of claim I , further comprising supporting the insulated conductor on 
a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member/ 



3379. The method of claim 1, wherein a perforated tube is disposed in the opening 
proximate to the insulated/;onductor, the method further comprising flowing a corrosion 
inhibiting fluid into the o(>ening through the perforated tube. 



3380. The method of/claim 1 , further comprising determining a temperature distribution 
in the insulated conductor using an electromagnetic signal provided to the insulated 
conductor. 
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3381. The method of claim 1 , further comprising monitpring a leakage current of the 

insulated conductor. / 

/ 
/ 

3382. The method of claim 1, further comprising monitoring the applied electrical 
current. / 



3383. The method of claim 1 , further comprising monitoring a voltage applied to the 
insulated conductor. 

3384. The method of claim 1 , further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



3385. The method of claim 1, further comprising electrically coupHng a lead-in 
conductor to the insulated conductor,^wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3386. The method of claim 1, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 



3387. The method of claim 1, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 



3388. The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation. 



3389. The method of ^laim 1 , further comprising coupling an overburden casing to the 
opening, wherein the ojverburden casing is disposed in an overburden of the formation, 
and wherein the overburden casing comprises steel. 
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3390. The method of claim 1, further comprising coupling/4n overburden casing to the 

/ 

opening, wherein the overburden casing is disposed in an/Overburden of the formation, 
and wherein the overburden casing is further disposed i^^ cement. 

3391. The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein a packing material is disposed at a jun/tion of the overburden casing and the 
opening. 



3392. The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the method further comprises inhibiting a flow of fluid between the opening 
and the overburden casing with a packing material. 



3393. The method of claim 1 , further comprising heating at least the portion of the 
formation to substantially pyrolyze at lea(t some hydrocarbons within the formation. 



3394. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed within an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
1 2 % nickel by weight; and j 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected sectioiyof the formation during use. 

3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 
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3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

/ 

3397. The system of claim 3394, further comprising ay^upport member and a centralizer, 
wherein the support member is configured to support me insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 



3398. The system of claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in^conductor comprises a low resistance conductor 
configured to generate substantially no/heat. 



3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the le^d-in conductor comprises a rubber insulated 
conductor. 



3401 . The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3402. The system of claim'3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a/cold pin transition conductor. 



3403. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 
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3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. jj 

I 

3405. The system of claim 3394, wherein the coj)per-nickel alloy is disposed in an 
electrically insulating material, and wherein the Electrically insulating material comprises 
magnesium oxide. 



3406. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 



3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and/wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 



3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 



electrically insulating material/ wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 



3409. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 



3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 
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3411. The system of claim 3394, further comprising two additional insulated 

conductors, wherein the insulated conductor and the tyo additional insulated conductors 

/ 

are configured in a 3 -phase Y configuration. j 

I 

3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical/configuration. 



3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 



3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



3415. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use. 



3416. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amoimt of fluid flow through the 
support member into the opening during use. 



3417. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein/the tube is configured to provide a flow of fluid into the opening 
during use. 
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3418. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. / 



3419. The system of claim 3394, further composing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3421 . The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 339^, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3423. The system of claim 3394, further comprising an overburden casing coupled to 



the opening, wherein the^/overburden casing is disposed in an overburden of the 
formation, wherein a pa{:king material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

/ 

/ 

3424. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

/ 

3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 



3426. The system of claim 3394, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



3427. A system configurable to heat a hydrocarbon containing formation, comprising: 

an insulated conductor configurable to be disposed within an opening in the 
formation, wherein the insulated conductor is further configurable to provide heat to at 
least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein^the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 



3429. The system onclaim 3427, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 
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wherein the centraUzer is configurable to maintain a location of the insulated conductor 



3430. The system of claim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the ^insulated conductor, and 
wherein the centralizer i 
on the support member. 

/ 
/ 

343 1 . The system of claim 3427, wherein the openin/ comprises a diameter of at least 
approximately 5 cm. 



3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no h^dil 



3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3435. The system of claim 3427,/further comprising a lead-in conductor coupled to the 
insulated conductor with a cold p(n transition conductor. 



3436. The system of claim 3^27, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 
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3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. / 

/ 

3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically^nsulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 



approximately 1 mm. 

j 

3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the^/electrically insulating material comprises 

aluminum oxide and magnesium oxide. j 

/ 

/ 

3441 . The system of claim 3427, wherein^e copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 



3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 



3443. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 



3444. The system of claim 3427, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 

/ 

are configurable in a/3-phase Y configuration. 
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3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated {conductor are coupled to a 

support member, and wherein the insulated conductor and the additional insulated 

/ 

conductor are configurable in a series electrical configuration. 

3446. The system of claim 3427, fiirther comprising ari additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

/ 

3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



3448, The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 



3449. The system of claim 3427, fiirther comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 



3450. The system of claim 3427, fiirther comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the opening 
during use. 



345 1 . The system of claim 3427, fiirther comprising a tube coupled to the insulated 
conductor, wherein the ,tube comprises critical flow orifices configurable to provide a 
substantially constant, amount of fluid flow through the support member into the opening 
during use. , 
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3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. / 

/ 

3453. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden ^asing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3456. The system of claim 3427,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3457. The system of claim/3427, further comprising an overburden casing coupled to 
the opening, wherein the o^verburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3458. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

/'; 

disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 



conductor. 

/ 

3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

section. j 

I 

I 

3460. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide heat to at least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer/from the insulated conductor to a selected section of 
the formation. 



3461. The method of claim 346^6, further comprising supporting the insulated conductor 
on a support member. / 



3462. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. 



3463. The method of claim 3460, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 

/ 
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3464. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening. 



3465, The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3467. The method of claim 3460, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m^ 



3468. The method of claim 3460,ywherein the copper-nickel alloy is disposed in an 
electrically insulating material. 



3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 



3470. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and/wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm/ 



3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide/and magnesium oxide. 
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3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

/ 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 

/ 

10 3474. The method of claim 3460, wherein the /copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 

3475. The method of claim 3460, further comprising supporting the insulated conductor 
15 on a support member and flowing a fiuia into the opening through an orifice in the 

support member. 

3476. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 

20 opening through critical flow orifices in the support member. 



3477. The method of claim 34^0, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



25 



3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 
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3479. The method of claim 3460, further comprising supporting the insulated conductor 

on a support member and flowing a corrosion inhibiting iluid into the opening through an 

/ 

orifice in the support member. / 

I 

3480. The method of claim 3460, wherein a perfora|fed tube is disposed in the opening 
proximate to the insulated conductor, the method fu^er comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



3481 . The method of claim 3460, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. / 



3482. The method of claim 3460, further comprising monitoring a leakage current of the 
insulated conductor. 

3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 



3484. The method of claim 34^6, further comprising monitoring a voltage applied to the 
insulated conductor. 



3485. The method of claim^3460, further comprising monitoring a temperature in the 
insulated conductor with at /least one thermocouple. 



3486. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3487. The method/of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 
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3488. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially^ low resistance insulated 
conductor. 

3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disi^osed in an overburden of the 
formation. 



3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing/material is disposed at a junction of the overburden 
casing and the opening. 



3493. The method of claim 3^60, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3494. The method of claim 3460, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 



3495. A system configiired to heat a hydrocarbon containing formation, comprising: 
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at least three insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are electrically coupled in a 3-phase Y 
configuration, and wherein at least the three insulated conductors are configured to 
provide heat to at least a portion of the formation during /ise; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the form^iion during use, 

3496. The system of claim 3495, wherein at least/the three insulated conductors are 
further configured to generate heat during 
the three insulated conductors during use 



3t/t 

further configured to generate heat during application of an electrical current to at least 



3497. The system of claim 3495, further comprising a support member, wherein the 
support member is configured to support at least the three insulated conductors. 



3498. The system of claim 3495, further comprising a support member and a centralizer, 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 
three insulated conductors on the support member. 



3499. The system of claim 3495, ;wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3500. The system of claim 34J5, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. 



3501 . The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 
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3502. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 

conductor comprises a copper wire. / 

/ 

3503. The system of claim 3495, further comprising at teast one lead-in conductor 
coupled to at least the three insulated conductors with a/cold pin transition conductor. 



3504. The system of claim 3495, further comprising at least one lead-m conductor 

/ 

coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



3505. The system of claim 3495, wherein at/least the three insulated conductors 



comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 



3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 



3507. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in^ electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 



3508. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

/ 
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3509. The system of claim 3495, wherein at least the/three insulated conductors 

/ 

comprise a conductor disposed in an electrically insi^lating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

/ 

/ 

3510. The system of claim 3495, wherein at leas( the three insulated conductors 
comprise a conductor disposed in an electrically/insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 

3511. The system of claim 3495, wherein at least the three insulated conductors 

I 

comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an/electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



3513. The system of claim 3495, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. / 



3514. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3515. The system pi claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. j 

I 

3516. The system of claim 3495, wherein at least t^e three insulated conductors are 
configured to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 

/ 

3517. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into the opening 
during use. / 



3518. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the'opening during use. 



3519. The system of claim 3495,/further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the 
opening during use. 

/ 

3520. The system of claim 3.495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. / 

/ 

3521 . The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprise^ steel. 

3523. The system of claim 3495, further comprising overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3524. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3525. The system of claim 3495, further comprising an overburden casing coupled to 



the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing4iaterial is configured to substantially inhibit a 
flow of fluid between the opening and th4 overburden casing during use. 



3526. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3527. The system of claim 34^5, further comprising an overburden casing coupled to 
the opening, wherein the overl^urden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed extemal to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least/the one sealing flange is configured to couple to the lead-in 
conductor. 
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3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 



section. 



3529. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least the three insulatec^^onductors are electrically coupled 
in a 3 -phase Y configuration, and wherein at least the three insulated conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to transfer fi^om at least the three 
insulated conductors to a selected section of the formation during use. 



3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 



3531. The system of claim 3529, fiirther comprising a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 



3532. The system of claim 3529, further comprising a support member and a centralizer, 
wherein the support member is configurable to support at least the three insulated 
conductors, and wherein the centralizer is configurable to maintain a location of at least 
the three insulated conductors on^he support member. 



3533. The system of claim 35i29, wherein the opening comprises a diameter of at least 
approximately 5 cm. j 

3534. The system of claim^3529, fiirther comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
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conductor comprises a low resistance conductor configurable to generate substantially no 
heat. ^ 



3535. The system of claim 3529, further comprising at lea^t d^e lead-in conductor 
coupled to at least the three insulated conductors, whereinyat least the one lead-in 
conductor comprises a rubber insulated conductor. ■ 



3536. The system of claim 3529, fiirther comprising/at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. / 

3537. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 



3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conduct9^ comprises a substantially low resistance 
insulated conductor. 



3539. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in/4i electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 



3540. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 



3541 . The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approxiniately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3542. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the cooper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3543. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally .conductive material. 



3544. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 



3545. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3546. The system of claim 3529,/ wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material^'comprises aluminum oxide and magnesium oxide. 



3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 

/' 

disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain ^particles are configurable to occupy porous spaces within the 
magnesium oxide, j 

3548. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. / 

3549. The system of claim 3529, wherein at least the thre^^sulated conductors 
comprise a conductor disposed in an electrically insulating juaterial, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. I 

I 

3550. The system of claim 3529, wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. j 

3551. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configurable to provide fluid flow/through the support member into the opening 
during use. 



3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 

critical flow orifices configurable to /provide a substantially constant amount of fluid flow 

/ 

through the support member into the opening during use. 

j 
I 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configurable to provide a flow of fluid into the 
opening during use. 

/ 

/ 

3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. / 
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3555. The system of claim 3529, further comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in ai^ overburden of the 

/ 

formation. 

/ 

/ 

3556. The system of claim 3529, further comprising an/pverburden casing coupled to 
the opening, wherein the overburden casing is disposed^in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3557. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is^disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3558. The system of claim 3529, further/comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3559. The system of claim 3529; further comprising an overburden casing coupled to 
the opening, wherein the overb^den casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein^he packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3560. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

and the opening, and/wherein the packing material comprises cement. 

/ 

3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, whetein the overburden casing is disposed in an overburden of the 
formation, the ^ystem further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. / 



3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



3563. An in situ method for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to at'^east three insulated conductors to provide heat 
to at least a portion of the formation, wherein at least the three insulated conductors are 

disposed within an opening in the forrhation; and 

/ 

allowing the heat to transfer from at least the three insulated conductors to a 
selected section of the formation. 



3564. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member. 



3565. The method of claim 3563, further comprising supporting at least the three 



7 



insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on the support member with a centralizer. 



3566. The method ofclaim 3563, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3567. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 
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3568. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approjamately 12 % nickel by weight. 



3569. The method of claim 3563, wherein at least th^three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight t^pproximately 6 % nickel by weight. 

3570. The method of claim 3563, wherein at least the three insulated conductors 

i 

comprise a conductor disposed in an electrically insulating material, and wherein the 

/' 

electrically insulating material comprises magnesium oxide. 

3571. The method of claim 3563, whei;ein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material composes magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3572. The method of claim 3563, wherein at least the three insulated conductors 

/ 

comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material^omprises aluminum oxide and magnesium oxide. 

/ 

3573. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating niaterial comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wherein the grain particles are configured to occupy 

porous spaces within'the magnesium oxide. 

/ 

3574. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
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insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. 



3575. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insGlating material, wherein the 
insulating material is disposed in a sheath, and wtjferein the sheath comprises stainless 
steel. 



3576. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member/and flowing a fluid into the opening through 
an orifice in the support member. 



3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in the support member. 



3578. The method of claim 3^63, wherein a perforated tube is disposed in the opening 
proximate to at least the three^insulated conductors, the method fiirther comprising 
flowing a fluid into the opening through the perforated tube. 



3579. The method of claim 3563, wherein a tube is disposed in the opening proximate to 
at least the three insulated conductors, the method ftuther comprising flowing a 
substantially constant amount a fluid into the opening through critical flow orifices in the 
tube. 



3580. The method^of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 
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3581 . The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, th^e^method further comprising 
flowing a corrosion inhibiting fluid into the opening/through the perforated tube. 



3582. The method of claim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 



3583. The method of claim 3563, further comprising monitoring a leakage current of at 
10 least the three insulated conductors. 

3584. The method of claim 3 563, /further comprising monitoring the applied electrical 
current. 



fd, 15 3585. The method of claim 3563, further comprising monitoring a voltage appUed to at 
least the three insulated conductors. 



3 3586. The method of claim 3563, further comprising monitoring a temperature in at 

least the three insulated .conductors with at least one thermocouple. 



3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least4e three insulated conductors, wherein the lead-in conductor 

/ 

comprises a low resistance conductor configured to generate substantially no heat. 



25 3588. The method of claim 3563, further comprising electrically coupling a lead-m 

conductor to at/least the three insulated conductors using a cold pin transition conductor. 



3589. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor t^ at least the three insulated conductors using a cold pin transition conductor, 
30 wherein the cold pin transition conductor comprises a substantially low resistance 
insulated/conductor. 
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3590. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispose^n an overburden of the 
formation. 



3591 . The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3592. The method of claim 3563, further ^omprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden^asing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the over^burden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3595. The method of cjaim 3563, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the hydrocarbons within the 
formation. 



3596. A system configured to heat a hydrocarbon containing formation, comprising: 

a fkst conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 
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wherein the system is configured to allow heat to transfer from the first conductor 
to a section of the formation during use. j 

I 

I 

3597. The system of claim 3596, wherein the first coi^ductor is fiarther configured to 

generate heat during application of an electrical current td the first conductor. 

/ 
/ 

/ 

3598. The system of claim 3596, wherein the firs/ conductor comprises a pipe. 



3600. The system of claim 3596, wherein tne first conduit comprises stainless steel. 



3601 . The system of claim 3596, fiarther. comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 



3602. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within^ the first conduit, wherein the centralizer comprises 
ceramic material. 



3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material and stainless steel. 



3604. The system of claim 35y96, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3605. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

/ 

/ 
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3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 



3607. The system of claim 3596, further comprising a slipng electrical connector 
coupled to the first conductor. 



3608. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 



3609. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor/and the first conduit. 



3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding^lectrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configured to generate less heat than /he first conductor or the second conductor during 
use. 



3611. The system of claim 3596/ wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is^^ss than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3612. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduit during use. 
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3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit. 



3614. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 



3615. The system of claim 3596, fiirther comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 



conductor and the first conduit during use. 



3616. The system of claim 3596, fixrther comprising a tube disposed within the opening 
external to the first conduit, wherein the^tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit/and the opening to substantially inhibit deformation 
of the first conduit during use. 



3617. The system of claim 359^6, wherein the first conductor is further configured to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



361 8. The system of claimy3596, fiarther comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configured to 
operate in a 3-phase Y configuration during use. 



3619. The system/of claim 3596, fiirther comprising a second conductor disposed within 
the first conduit, j^herein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 



I 
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3620. The system of claim 3596, flirther comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. / 



362 1 . The system of claim 3596, further comprising an^/erburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

/ 

3622. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/' 

3623. The system of claim 3596, furthep4omprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3624. The system of claim 3596,^further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid be(ween the opening and the overburden casing during use. 



3626. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein th€j4ubstantially low resistance conductor is electrically coupled to the 
first conductor, j 

I 
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3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance cg'nductor comprises carbon 
steel. 



3628. The system of claim 3596, further comprising an^verburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 



3629. The system of claim 3596, wherein the heated section of the formation is 
substantially pyrolyzed. 



3630. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to ^e disposed in a first conduit, wherein the first 

conduit is configurable to be disposed jithin an opening in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and j 

wherein the system is configurable to allow heat to transfer from the first 
conductor to a section of the fomiation during use. 

363 1 . The system of claim 36^0, wherein the first conductor is fiirther configurable to 
generate heat during application of an electrical current to the first conductor. 



3632. The system of claim 3630, wherein the first conductor comprises a pipe. 
3634. The system claim 3630, wherein the first conduit comprises stainless steel. 

795 Conley, Rose & Tayon, P C. 



3635. The system of claim 3630, further comprising a centralizer configurable to 

maintain a location of the first conductor within the first conduit. 

/ 



3636. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 



3637. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 

/ 

comprises ceramic material and stainless steel. 



3638. The system of claim 3630, wherem the opening comprises a diameter of at least 
approximately 5 cm. 



3639. The system of claim 3630, ^rther comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 



3640. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 



3641. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor. 



3642. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 



3643. The system' of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

I i 

3644. The system of claim 3630, further comprising a s^^^ond conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one slicing electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. ^ 

3645. The system of claim 3630, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first conduit during use. 



3647. The system of claim 3^630, further comprising a thermally conductive fluid 
disposed within the first conduit. 



3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first/conduit, wherein the thermally conductive fluid comprises 
helium. 

3649. The system o'^ claim 3630, further comprising a fluid disposed v^thin the first 
conduit, wherein th^ fluid is configurable to substantially inhibit arcing between the first 
conductor and the^'first conduit during use. 
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3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening/to substantially inhibit deformation 
of the first conduit during use. 



365 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



3652. The system of claim 3630, fiirtherycomprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conducto^is electrically coupled to the second conductor and 
the third conductor, and wherein the^first, second, and third conductors are configurable 
to operate in a 3 -phase Y configuration during use. 



3653. The system of claim 3630^/ further comprising a second conductor disposed within 
the first conduit, wherein the secpnd conductor is electrically coupled to the first 
conductor to form an electrical circuit. 



3654. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 



3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein th^ overburden casing is disposed in an overburden of the 
formation. 



3656. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3657. The system of claim 3630, further comprising ai^ overburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3659. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3660. The system of claim 3630,^further comprising an overburden casing coupled to 
the opening and a substantially l^w resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 



3661. The system of claim/3630, further comprising an overburden casing coupled to 



the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 



3662. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a s(ibstantially low resistance conductor disposed within the overburden 
casing and a centjalizer configurable to support the substantially low resistance conductor 
within the overburden casing. 
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3663. The system of claim 3630, wherein the heated section of the formation is 
substantially pyrolyzed. / 



3664. An in situ method for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed withiryan opening in the formation; and 

allowing the heat to transfer from the first conductor to a section of the formation. 



3665. The method of claim 3664, wherein the first conductor comprises a pipe. 

3666. The method of claim 3664, w/erein the first conductor comprises stainless steel. 

3667. The method of claim 3664,^herein the first conduit comprises stainless steel. 

3668. The method of claim 366/ further comprising maintaining a location of the first 



conductor in the first conduit with a centralizer. 



3669. The method of claim 3^664, fiorther comprising maintaining a location of the first 
conductor in the first condui/with a centralizer, wherein the centralizer comprises 
ceramic material. 



3670. The method of claim 3664, fiirther comprising maintaining a location of the first 
conductor in the first coriduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 



3671. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor. 
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3672. The method of claim 3664, further comprising electr^eaily coupling a sliding 
electrical connector to the first conductor and the first conceit, wherein the first conduit 
comprises an electrical lead configured to complete an electrical circuit with the first 
conductor. 



3673. The method of claim 3664, fiirther comprising coupling a sliding electrical 
connector to the first conductor and the first conduit, wherein the fu-st conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated heat comprises approximately 20 percent generated by the first 
conduit. / 



3674. The method of claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m/ 



3675. The method of claim 3664,/ further comprising determining a temperature 

/ 

distribution in the first conduit using an electromagnetic signal provided to the conduit. 



3676. The method of claim 3664, further comprisiiig monitoring the applied electrical 



current. / 



3677. The method of claim 3664, further comprising monitoring a voltage applied to the 
first conductor. / 



3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 



3679. The method/of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3680. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3681. The method of claim 3664, further comprising coupling aif overburden casing to 
the opening, wherein the overburden casing is disposed in an^overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3682. The method of claim 3664, further comprising^eoupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is dispqsed at a junction of the overburden 
casing and the opening. 



3683. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing/s disposed in an overburden of the 
formation, and wherein the method furthe/comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3684. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 



3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbon steel. 

/ 

3686. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a/substantially low resistance conductor is disposed within the 
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overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. 

/" 
/ 

, / 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3688. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 



3689. The method of claim 3664, further ^omprising maintaining a sufficient pressure 
between the first conduit and the formation to substantially inhibit deformation of the 
first conduit. 



3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit. 



3691 . The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wh4ein the thermally conductive fluid comprises helium. 



3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit wdth a fluid disposed within the first conduit. 



3693. The method of claim 3664, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the .opening. 



3694. The method of , claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 
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3695. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electirically coupled to the first conductor to 
form an electrical circuit. 



3696. The method of claim 3664, wherein a^second conductor is disposed within the 
first conduit, wherein the second conductor/is electrically coupled to the first conductor 
with a connector. j 

3697. The method of claim 3664, wherein a second conductor is disposed within a 
second conduit and a third conductor' is disposed within a third conduit, wherein the 
second conduit and the third conduit are disposed in different openings of the formation, 

wherein the first conductor is electrically coupled to the second conductor and the third 

/ 

conductor, and wherein the first,^ second, and third conductors are configured to operate 
in a 3 -phase Y configuration.^^ 

3698. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein at le'ast one sliding electrical connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical conne^ctor is less than heat generated by the first conductor or the second 
conductor. 



3699. The method/of claim 3664, wherein the first conduit comprises a first section and 
a second section, yherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3700. The method of claim 3664, further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 
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3701 . The method of claim 3664, further comprising disposing a perforated tube 
proximate to the first conduit and flowing an oxidizing fluid through the perforated tube, 

/ 

3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



3703. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; j 

a second conductor disposed in a second conduit, wherein the second conduit is 
disposed within a second opening in the formation; 

a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide/heat to at least a portion of the formation 
during use; and / 

wherein the system is configured to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 



3704. The system of claim 3703,ywherein the first, second, and third conductors are 
further configured to generate he^t during application of an electrical current to the first 
conductor. 



3705. The system of claim 3703, wherein the first, second, and third conductors 
comprise a pipe. 

3706. The system of claim 3703, wherein the first, second, and third conductors 

3707. The system of claim 3703, wherein the first, second, and third openings compnse 



a diameter of at least' approximately 5 cm. 
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3708. The system of claim 3703, further comprising yfirst sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 

second conductor and a third sliding electrical connector coupled to the third conductor. 

/ 

/ 

/• 

3709. The system of claim 3703, further comprising a first slidmg electrical connector 
coupled to the first conductor, wherein the first slicing electrical connector is further 
coupled to the first conduit. 1 

3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 

3711. The system of claim 3703, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 

/ 

3712. The system of claim 3703, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the^second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 

3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 
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3715. The system of claim 3703, further comprising a thdrmally conductive fluid 
disposed within the first, second, and third conduits, wher^iin the thermally conductive 
fluid comprises helium. 

3716. The system of claim 3703, further comprising, a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to substantially inhibit arcing 
between the fnst, second, and third conductors and the first, second, and third conduits 
during use. 



3717. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 
heated portion of the formation such that a^ressure balance is maintained between the 
15 first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second/and third conduits during use. 



O 3718. The system of claim 3 703 , wherein the first, second, and third conductors are 

/ 

J further configured to generate radiant heat of approximately 650 W/m to approximately 

^ 20 1650 W/m during use. 

a 

3719. The system of claim 3';^03, fiirther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 



3720. The system of claim' 3703, fiirther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 
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3721 . The system of claim 3703, flirther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and v^herein at least the one 
overburden casing is further disposed in cement. 



3722. The system of claim 3703, further comprising at least one/overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 



3723. The system of claim 3703, fiirther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation{^ wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is fiulher configured to substantially inhibit a 
flow of fluid between the first, second, and third opening and at least the one overburden 
casing during use. 



3724. The system of claim 3703, wherein the heated section of the formation is 
substantially pyrolyzed. 



3725. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 

second conduit is configurable to b^ disposed within a second opening in the formation; 
a third conductor configurable to be disposed in a third conduit, wherein the third 

conduit is configurable to be disposed within a third opening in the formation, wherein 

the first, second, and third conductors are further configurable to be electrically coupled 
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in a 3 -phase Y configuration, and wherein the first, second, and third conductors are 

further configurable to provide heat to at least a portion of the formation during use; and 

/ 

wherein the system is configurable to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 



3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat during application of anelectrical current to the first 
conductor. / 



3727. The system of claim 3725, wherein the first, second, and third conductors 
comprise a pipe. 

3728. The system of claim 3725, wherein the first, second, and third conductors 
comprise stainless steel. 

3729. The system of claim 3725, wherein the first, second, and third opening comprise a 
diameter of at least approximately 5 cm. 



3730. The system of claim 3725, furthei? comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



373 1 . The system of claim 3725, fiirther comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 



3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 
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3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 



3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 

/ 

section along the second section of each of the conduits. 



3735. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit defomaation of the first, second, and third 
conduits during use. 



3736. The system of claim 3725, furtheycomprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 



3737. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 



3738. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. 



3739. The system of claim/3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 

wherein at least the one tube is configurable to remove vapor produced from at least the 

i 
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heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 1 



3740. The system of claim 3725, wherein the first, second, and thir^ conductors are 
fiirther configurable to generate radiant heat of approximately 650yW/m to approximately 
1 650 W/m during use. / 



3741 . The system of claim 3725, fiirther comprising at least^one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 



3742. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 



3743. The system of claim 3725, fiirther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is fiirther disposed in cement. 



3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 



3745. The system of claim 3725/ fiirther comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
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disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during use. 

3746. The system of claim 3725, wherein the heated section oi the formation is 
substantially pyrolyzed. / 



3747. An in situ method for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within a second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a^hird opening in the formation; and 

allowing the heat to transfer from the4irst, second, and third conductors to a 
selected section of the formation. 



3748. The method of claim 3747, wherqin the first, second, and third conductors 
comprise a pipe. 

3749. The method of claim 3747, wh^erein the first, second, and third conductors 
comprise stainless steel. 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
stainless steel. 
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375 1 . The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using an p'fectromagnetic signal 
provided to the first, second, and third conduits. 

3753. The method of claim 3747, further comprising monitoring the applied electrical 
current. 

3754. The method of claim 3747, fixrther comprising monitoring a voltage applied to the 
first, second, and third conductors. 



3755. The method of claim 3747, further comprising monitoring a temperature in the 
first, second, and third conduits w^ith at least one thermocouple. 



3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of tlie first, second, and third conduits. 



3757. The method of claim 3747^/further comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 



3758. The method of claim 37^47, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits, wherein the thermally conductive fluid 
comprises helium. 



3759. The method of claim'3747,fiirther comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 
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3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third of 
pressure in the first, second, and third openings. j 



3761 . The method of claim 3747, wherein the first, secondhand third conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 

a thickness of the second section such that heat radiated from the first, second, and third 

/ 

conductors to the section along the first section of the first, second, and third conduits is 
less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 



3762. The method of claim 3747, further comprising flowing an oxidizing fluid through 
an orifice in the first, second, and third conduits. 



3763. The method of claim 3747, fiirther comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



3764. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a^onduit, wherein the conduit is disposed within an 

opening in the formation; and / 

a second conductor disposed in the conduit, wherein the second conductor is 

electrically coupled to the fu*st conductor with a connector, and wherein the first and 

second conductors are configured to provide heat to at least a portion of the formation 

during use; and / 

wherein the system is configured to allow heat to transfer from the first and 

second conductors to a selected section of the formation during use. 



3765. The system of claini/3764, wherein the first conductor is fiirther configured to 
generate heat during application of an electrical current to the first conductor. 
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3766. The system of claim 3764, wherein the first and second conductors comprise a 

A 

pipe. . 

3767. The system of claim 3764, wherein the first and second conductors comprise 
stainless steel. 

3768. The system of claim 3764, wherein the conduit comprises stainless steel. 

3769. The system of claim 3764, further comprising a c^atralizer configured to maintain 
a location of the first and second conductors within the/conduit. 



3770. The system of claim 3764, fiirther comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material. 



3771 . The system of claim 3764, fiirther comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 

/ 

comprises ceramic material and stainless steel. 



3772. The system of claim 3764, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3773. The system of claim 3764, fiirther comprising a lead-in conductor coupled to the 
first and second conductors, wherein^he lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 



3774. The system of claim 3764; further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



3775. The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. j 

3776. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the^onduit to substantially 

inhibit deformation of the conduit during use. / 

/ 

/ 

3777. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermal l^onductive fluid comprises helium. 

3779. The system of claim 3764, further compnsing a fluid disposed within the conduit, 
wherein the fluid is configured to substantially/inhibit arcing between the first and second 
conductors and the conduit during use. 



3780. The system of claim 3764, fiarther comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation^such that a pressure balance is maintained 
between the conduit and the opening to/substantially inhibit deformation of the conduit 
during use. 



3781 . The system of claim 3764, wherein the first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3782. The system of claim 3764, fiirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. j 
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3783 . The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3784. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is'disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3787. The system of claim 3764, ;wherein the heated section of the formation is 
substantially pyrolyzed. 



3788. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a conduit, wherein the conduit is 

configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 

conductor is configurable to be electrically coupled to the first conductor with a 

connector, and wherein the first and second conductors are further configurable to 

provide heat to at least a portion of the formation during use; and 
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wherein the system is configurable to allow heat to transfer fi-om the first and 
second conductors to a selected section of the formation during usfe. 

3789. The system of claim 3788, wherein the first conductor is fijrther configurable to 
generate heat during application of an electrical current to the first conductor. 

3790. The system of claim 3788, wherein the first and second conductors comprise a 
pipe. 

3791 . The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein the conduit comprises stainless steel. 



3793. The system of claim 3788, fiirther comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit. 



3794. The system of claim 3788, fiirtherycomprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material.. 



3795. The system of claim 3788, fiirther comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 

/ 

centralizer comprises ceramic material and stainless steel. 



3796. The system of claim 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3797. The system of claim 3788, fiirther comprising a lead-in conductor coupled to the 



first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 
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3798. The system of claim 3788, further comprising a le.4d-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



3799. The system of claim 3788, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section Is greater than a thickness of the 
second section such that heat radiated fi-om the first conductor to the section along the 
first section of the conduit is less than heat radiated fi:'om the first conductor to the section 
along the second section of the conduit. 



3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 



3801 . The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit. 



3802. The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



3803. The system of claim 3788,/further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable^to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

/ 

3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 
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3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W^tn to approximately 1650 
W/m during use. j 

3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed i^ an overburden of the 
formation. 



3807. The system of claim 3788, further comprismg an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation, and wherein the overburden casing c/mprises steel. 



3808. The system of claim 3788, further coipprising an overburden casing coupled to 
the opening, wherein the overburden casing^is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3809. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3810. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the^packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3811. The system of claim 3788, wherein the heated section of the formation is 



substantially pyrolyzed. 
3812. An in situ method for heating a hydrocarbon containing formation, comprising: 
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applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors^are disposed within a 
conduit, wherein the conduit is disposed within an opening i^- the formation, and wherein 
at least the two conductors are electrically coupled with a cc^hnector; and 

allowing heat to transfer from at least the two conductors to a selected section of 
the formation. 

3813. The method of claim 3812, wherein at least the two conductors comprise a pipe. 

3814. The method of claim 3812, wherein at least/the two conductors comprise stainless 
steel. 

3815. The method of claim 3812, wherein the/conduit comprises stainless steel. 



3816. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer. 



3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a^/centralizer, wherein the centralizer comprises 
ceramic material. 



3818. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 



3819. The method of claim 381^2, wherein the provided heat comprises approximately 
650 W/m to approximately 165,0 W/m. 



3820. The method of claim 3812, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 
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3821. The method of claim 3812, further comprising monitoring the applied electrical 
current. 

3822. The method of claim 3812, further comprising m()nitoring a voltage applied to at 
least the two conductors. 

3823. The method of claim 3812, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 



3824. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3826. The method of claim 38 12, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3827. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 



casing and the opening. 

/ 

3828. The method of claim 3812, further comprising coupling an overburden casing to 

the opening, wherein the overburden casing is disposed in an overburden of the 

/ 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 
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3 829. The method of claim 3812, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3830. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit. 



383 1 . The method of claim 3812, further comprising providing a thermally conductive 
fluid v^thin the conduit, wherein the thermally conductive fluid comprises helium. 

3832. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 



3833. The method of claim 3812, further comprising removing a vapor from the 

/ 

opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 



3834. The method of claim 3812, further comprising flov^ng a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 



3835. The method of claim 3812( wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 

along the second section of the conduit. 

/ 

3836. The method of claim 3812, further comprising flowdng an oxidizing fluid through 
an orifice in the conduit. ' 



1 

3837. The method of claim 3812, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 
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3838. The method of claim 3812, further comprising heating at least the portion of the 

formation to substantially pyrolyze at least some of the carbon within the fo/mation. 

/ 
/ 

3839. A system configured to heat a hydrocarbon containing formations/comprising: 
at least one conductor disposed in a conduit, wherein the condui/is disposed 

within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a first portion of the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially less than the heat provided by at least the one conductor 
during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
conductor to a section of the formation during use. ! 

3840. The system of claim 3839, wherein at least the one conductor is further 

/ 

configured to generate heat during application of an electrical current to at least the one 
conductor. / 

3841. The system of claim 3839, wherein at least/the one conductor comprises a pipe. 

3842. The system of claim 3839, wherein at least the one conductor comprises stainless 
steel. / 

/' 

3843. The system of claim 3839, wherein the conduit comprises stainless steel. 

/ 

3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 
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3845. The system of claim 3839, further comprising a centralizer/ configured to maintain 

a location of at least the one conductor within the conduit, wherein the centralizer 

/ 

comprises ceramic material. / 



3846. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit; wherein the centralizer 
comprises ceramic material and stainless steel. 

3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 



3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 



3850. The system of claim 383^9, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is/less than heat radiated from the first conductor to the section 
along the second section of/he conduit. 



3851. The system of claim 3839, fiirther comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. 




conductor configured to generate substantially no heat. 



/ 



/ 
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3853. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conlluctive fluid comprises helium. 

3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inliibit arcing between at least the one 
conductor and the conduit during use. ! 

3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is^configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 



3856. The system of claim 3839, wherein at least the one conductor is further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3857. The system of claim 3839/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the^overburden casing comprises steel, 

3859. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein thyoverburden casing is disposed in an overburden of the 
formation, and whereiuythe overburden casing is further disposed in cement. 

/ 

3860. The system offclaim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3861 . The system of claim 3839, further comprising an o^{erbu^den casing coupled to 
the opening, wherein the overburden casing is disposed i^/an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance ^conductor is electrically coupled to at 
least the one conductor. 



3863. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. 



3864. The system of claim 3839, further comprising an overburden casing coupled to 

/ 

the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured, to support the substantially low resistance conductor 
within the overburden casing. ^ 



I 

3865. The system of claim 3839, wherein the heated section of the formation is 
substantially pyrolyzed. j 



3866. A system configurable to heat a hydrocarbon containing formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
conduit is configurable to be disposed within an opening in the formation, and wherein at 
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least the one conductor is fiirther configurable to provide heat to at least a first portion of 
the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliding 
connector is further configurable to provide heat during use,/and wherein heat provided 
by at least the one sliding connector is substantially less th^ the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 

conductor to a section of the formation during use. / 

/' 

3867. The system of claim 3866, wherein at least' the one conductor is further 
configurable to generate heat during application ^of an electrical current to at least the one 
conductor. 

3868. The system of claim 3866, wherein at least the one conductor comprises a pipe. 

3869. The system of claim 3866, wherein at least the one conductor comprises stainless 
steel. 

3870. The system of claim 3866, wherein the conduit comprises stainless steel. 



3871 . The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the^one conductor within the conduit. 

/ 

3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material. 



3873. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 
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3874. The system of claim 3866, wherein the opening/fcotnprises a diameter of at least 



approximately 5 cm. 



lia 



3875. The system of claim 3866, further comprisirig a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor coniprises a low resistance 
conductor configurable to generate substantially/no heat. 



10 



3876. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 
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3877. The system of claim 3866, wherefin the conduit comprises a first section and a 
second section, wherein a thickness of me first section is greater than a thickness of the 
second section such that heat radiate<yfrom the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. ^, 

3878. The system of claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3879. The system of clairrt 3866, further comprising a thermally conductive fluid 
disposed within the conduit. 



25 3880. The system of cmim 3866, further comprising a thermally conductive fluid 

disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



30 



3881 . The system of claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor and the /conduit during use. 
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3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to /remove vapor produced from 
at least the heated portion of the formation such that a prej^sure balance is maintained 
between the conduit and the opening to substantially inmbit deformation of the conduit 
during use. / 

3883. The system of claim 3866, wherein at least tlae one conductor is further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3884. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing^is disposed in an overburden of the 
formation. / 

3885. The system of claim 3866, furtwer comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3886. The system of claim 3866yfurther comprising an overburden casing coupled to 
the opening, wherein the overbumen casing is disposed in an overburden of the 
formation, and wherein the oveipurden casing is further disposed in cement. 

3887. The system of claim 3^66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a nacking material is disposed at a junction of the overburden 
casing and the opening. / 

3888. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a/packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3889. The system of claim 3866, further comprisingyon overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance coiiductor is electrically coupled to at 
least the one conductor. / 

3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resisftance conductor is electrically coupled to at 
least the one conductor, and wherein tho^substantially low resistance conductor comprises 
carbon steel. / 

3891. The system of claim 3866, fiurther comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. / 

3892. The system of claim 3866, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3893. An in situ method/for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to at least one conductor and at least one sliding 

connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at leasy the one sliding connector are disposed v^thin a conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
provided by at least/ the one sliding connector; and 

allowing the heat to transfer from at least the one conductor and at least the one 
sliding connector/to a section of the formation. 
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3894. The method of claim 3893, wherein at least the one'conductor comprises a pipe. 



3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. / 

3896. The method of claim 3893, wherein the conduit comprises stainless steel. 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a cent/alizer. 

3898. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with ar centralizer, wherein the centralizer comprises 
ceramic material. / 

3899. The method of claim 3893( further comprising maintaining a location of at least 
the one conductor in the conduit/ with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 

3900. The method of clainy 3893, wherein the provided heat comprises approximately 
650 W/m to approximately/l650 W/m. 

390 1 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, further comprising monitoring the applied electrical 
current. / 



3903. The methc^d of claim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 



/ 
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3904. The method of claim 3893, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. / 



3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dis|(osed in an overburden of the 
formation. 

3906. The method of claim 3893, further CMiprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden rasing comprises steel. 

3907. The method of claim 3893, fykher comprising coupling an overburden casing to 
the opening, wherein the overburdefn casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3908. The method of claim 3^93, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a lacking material is disposed at a junction of the overburden 
casing and the opening. 

3909. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein me overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the/ overburden casing with a packing material. 

3910. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 
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391 1. The method of claim 3893, further comprising gbupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherein^ the substantially low resistance 

5 conductor comprises carbon steel. / 

3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low re/istance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 

10 coupled to at least the one conductor, am wherein the method further comprises 

maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. / 

ffl 3913. The method of claim 389j, further comprising electrically coupling a lead-in 

15 conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
™ resistance conductor configurer to generate substantially no heat. 

n 3914. The method of clainy3893, further comprising electrically coupling a lead-in 

J: conductor to at least the on^ conductor, wherein the lead-in conductor comprises copper. 

M 20 I 

O / 

391 5. The method of claim 3893, further comprising maintaining a sufficient pressure 

between the conduit andfthe formation to substantially inhibit deformation of the conduit. 

3916. The method oy claim 3893, further comprising providing a thermally conductive 
25 fluid within the conduit. 

3917. The methoa of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

30 391 8. The method of claim 3893, further comprising inhibiting arcing between the 
conductor and trie conduit with a fluid disposed within the conduit. 
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39 1 9. The method of claim 3 893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the/conduit in the opening to 
control a pressure in the opening. / 



3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3921 . The method of claim 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3922. The method of claim 3893, further o/omprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, furtner comprising heating at least the portion of the 
formation to substantially pyrolyze atAeast some of the carbon within the formation. 

3924. A system configured to heatf a hydrocarbon containing formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during Ase; and 

wherein the system is oonfigured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

3925. The system of clain/ 3924, wherein at least the one elongated member comprises 
stainless steel. 



3926. The system of claim 3924, wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. 
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3927. The system of claim 3924, further comprising a support member coupled to at 

/ 

least the one elongated member, wherein the support men;iber is configured to support at 
least the one elongated member. / 

3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the suppc/rt member is configured to support at 
least the one elongated member, and wherein the^support member comprises openings. 

3929. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein me support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, and wh/rein the fluid is configured to substantially inhibit 
carbon deposition on or proximate tcyat least the one elongated member during use. 

3930. The system of claim 3924,/further comprising a tube disposed in the opening, 
wherein the tube comprises opemngs, wherein the openings are configured to flow a fluid 
along a length of at least the onl elongated member during use, and wherein the fluid is 
configured to substantially inmbit carbon deposition on or proximate to at least the one 
elongated member during usef. 

393 1 . The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, Wnerein the centralizer is configured to electrically isolate at least 
the one elongated member. 

3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 



3934. The system of claim 3924, further comprising a lead/in conductor coupled to at 
5 least the one elongated member, wherein the lead-in conductor comprises a low 

resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 

10 insulated conductor. / 

3936. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the /ead-in conductor comprises copper wire. 

15 3937. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a co/ld pin transition conductor. 

3938. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with/a cold pin transition conductor, wherein the cold pin 

20 transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 392^, wherein at least the one elongated member is arranged 
in a series electrical configuration. 

25 3940. The system of claim 3(924, wherein at least the one elongated member is arranged 
in a parallel electrical confie/uration. 

3941. The system of claim 3924, wherein at least the one elongated member is 
configured to generate raaiant heat of approximately 650 W/m to approximately 1650 
30 W/m during use. / 
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3942. The system of claim 3924, further comprising a perforafed tube disposed in the 
opemng external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 



use. 



3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is dispo/ed in an overburden of the 
formation. 

10 3944. The system of claim 3924, further cornprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 3945. The system of claim 3924, further comprising an overburden casing coupled to 

T 15 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdemi casing is further disposed in cement. 

^ 3946. The system of claim 3924, mrther comprising an overburden casing coupled to 

f the opening, wherein the overburden casing is disposed in an overburden of the 

g 20 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3947. The system of claim ^924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3948. The system of claim 3924, further comprising an overburden casing coupled to 

/ 

the opening, wherein the overburden casing is disposed in an overburden of the 
30 formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden^asing during use. 

3949. The system of claim 3924, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3950. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to aWow heat to transfer fi-om at least the one 
elongated member to a section of the formation during use. 

395 1 . The system of claim 3950, whereiivat least the one elongated member comprises 
stainless steel. / 

3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during Application of an electrical current to at least the one 
elongated member. / 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated membei^ wherein the support member is configurable to support 
at least the one elongated member. 

3954. The system of clairn 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 

3955. The system of claim 3950, further comprising a support member coupled to at 
least the one elongateti member, wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a len^h of at least the one 
elongated member during use, and wherein the fluid is configimable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 
use. / 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length of at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbonyfleposition on or proximate to at least 
the one elongated member during use. / 

3957. The system of claim 3950, fiirther comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. / 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configurable to maintain a location of at least the one 
elongated member on the support meniper. 

3959. The system of claim 3950, wnerein the opening comprises a diameter of at least 
approximately 5 cm. / 

3960. The system of claim 3950/ further comprising a lead-in conductor coupled to at 
least the one elongated member,/wherein the lead-in conductor comprises a low 
resistance conductor configurate to generate substantially no heat. 

3961. The system of claim 
least the one elongated mem 
insulated conductor. / 
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?50, further comprising a lead-in conductor coupled to at 
3er, wherein the lead-in conductor comprises a rubber 



3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comt/rises copper wire. 

3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3964. The system of claim 3950, further comprising a leadyin conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950, wherein at least th/one elongated member is arranged 
in a series electrical configuration. / 

3966. The system of claim 3950, wherein at le/st the one elongated member is arranged 
in a parallel electrical configuration. / 

3967. The system of claim 3950, whereinyat least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one o/iongated member, wherein the perforated tube is 
configurable to remove vapor firon^ the opening to control a pressure in the opening 
during use. 

3969. The system of claim 3 
the opening, wherein the ovei/ 
formation. / 

/' 

/ 
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)0, further comprising an overburden casing coupled to 
burden casing is disposed in an overburden of the 



3970. The system of claim 3950, further comprising an overburden/basing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and w^herein the overburden casing comprises steel. / 

3971 . The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed man overburden of the 
formation, and wherein the overburden casing is furthe/ disposed in cement. 

3972. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3973. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is/iisposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950, ftftther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein thp packing material is further configurable to substantially 
inhibit a flow of fluid betweenrthe opening and the overburden casing during use. 

3975. The system of claimy3950, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3976. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an elecpical current to at least one elongated member to provide heat to 

at least a portion of the /formation, wherein at least the one elongated member is disposed 
within an opening of tile formation; and 
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allowing heat to transfer from at least the one elongated member to a section of 
the formation. 



3977. The method of claim 3976, wherein at least the one elongated member comprises 
a metal strip. 

3978. The method of claim 3976, wherein at least the one ^ongated member comprises 
a metal rod. 

3979. The method of claim 3976, wherein at least th9^one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, further compi^sing supporting at least the one 
elongated member on a center support member) 

3981 . The method of claim 3976, further cdmprising supporting at least the one 
elongated member on a center support meiyber, wherein the center support member 
comprises a tube. 

3982. The method of claim 3976, flirtMer comprising electrically isolating at least the 
one elongated member with a centralizer. 

3983. The method of claim 3976, mrther comprising laterally spacing at least the one 
elongated member with a centralizer. 

3984. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a series configuration. 

3985. The method of claim 3076, further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 
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3986. The method of claim 3976, wherein the provided heat-Comprises approximately 
650 W/m to approximately 1650 W/m. / 

3987. The method of claim 3976, further comprising^determining a temperature 
distribution in at least the one elongated member uamg an electromagnetic signal 
provided to at least the one elongated member. / 

3988. The method of claim 3976, further cormrising monitoring the applied electrical 
current. / 

3989. The method of claim 3976, furthe/ comprising monitoring a voltage applied to at 
least the one elongated member. / 

3990. The method of claim 3976, further comprising monitoring a temperature in at 
least the one elongated member witli at least one thermocouple. 

3991. The method of claim 397o, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the methoa further comprising flowing an oxidizing fluid through 
the openings to substantially imiibit carbon deposition proximate to or on at least the one 
elongated member. / 

3992. The method of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate/to at least the one elongated member to substantially inhibit 
carbon deposition proxirnlate to or on at least the one elongated member. 

3993. The method of claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least me one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 
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3994. The method of claim 3976, further comprising elejttrically coupling a lead-in 
conductor to at least the one elongated member, whereinr the lead-in conductor comprises 
a low resistance conductor configured to generate subsiantially no heat. 

3995. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member u/ing a cold pin transition conductor. 

3996. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated memWer using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3997. The method of claim 3976, furt/ier comprising coupling an overburden casing to 
the opening, wherein the overburden Rasing is disposed in an overburden of the 
formation. 

3998. The method of claim 3976/fLirther comprising coupling an overburden casing to 
the opening, wherein the overburflen casing comprises steel. 

3999. The method of claim 3^6, further comprising coupling an overburden casing to 
the opening, wherein the overtturden casing is disposed in cement. 

4000. The method of clairn/3976, further comprising coupling an overburden casing to 
the opening, wherein a pacing material is disposed at a jionction of the overburden 
casing and the opening. 



4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening,|and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heatiri^g at least the portion of the 
formation to substantially pyrolyze at least some of the cai4on within the formation. 

4003. A system configured to heat a hydrocarbon conmining formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configpred to provide heat to at least a 
portion of the formation during use; / 
an oxidizing fluid source; / 

a conduit disposed within the opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to sub/tantially inhibit carbon deposition on or 
proximate to at least the one elongated mem/ber during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

4004. The system of claim 4003, wherein at least the one elongated member comprises 
stainless steel. / 

4005. The system of claim 4003, wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. / 

4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member. / 

4007. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member, and wherein the conduit comprises openings. 
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4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the o6nauit. 

4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizier is configured to maintain 
a location of at least the one elongated member on the conduit. 



10 



4010. The system of claim 4003, wherein the openingycomprises a diameter of at least 
approximately 5 cm. 
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401 1 . The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein i^c lead-in conductor comprises a rubber 
insulated conductor. 

4013. The system of claim 4003, furmer comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4014. The system of claim 4003,/further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4015. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



30 401 6. The system of claim 4003, wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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4017. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

401 8. The system of claim 4003, wherein at least the one/elongated member is 
configured to generate radiant heat of approximately 65C/W/m to approximately 1650 
W/m during use. / 

4019. The system of claim 4003, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. / 

4020. The system of claim 4003, further/comprising an overburden casing coupled to 
the opening, wherein the overburden ca/ing is disposed in an overburden of the 
formation. / 

4021 . The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4023. The system of cmim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



V 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation, wherein a packing material is disposed at a j miction of the overburden casing 
and the opening, and wherein the packing material ccwnprises cement. 

4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the openirig and the overburden casing during use. 

4026. The system of claim 4003, wl^rein the heated section of the formation is 
substantially pyrolyzed. / 

4027. A system configurable to iieat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed v^thin an opening in 

the formation, wherein at leasythe one elongated member is further configurable to 
provide heat to at least a port/on of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
further configurable to proMde an oxidizing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit carjSon deposition on or proximate to at least the one elongated 
member during use; and 

wherein the system is further configurable to allow heat to transfer from at least 
the one elongated miember to a section of the formation during use. 

4028. The system of claim 4027, wherein at least the one elongated member comprises 
stainless steel. / 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. / 

4030. The system of claim 4027, wherein at least ther one elongated member is coupled 
to the conduit, wherein the conduit is further configprable to support at least the one 
elongated member. / 

4031. The system of claim 4027, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is furthei/configurable to support at least the one 
elongated member, and wherein the conduit comprises openings. 

4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the condun, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027/ further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at least the one elongated member on the conduit. 

4034. The system of clainy4027, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongatea member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 

4036. The system/of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor compqses a rubber 
insulated conductor. 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038. The system of claim 4027, further comprising a lead-imconductor coupled to at 
least the one elongated member with a cold pin transition corraUctor, 

4039. The system of claim 4027, further comprising a lead/in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 4027, wherein at least tMe one elongated member is arranged 
in a series electrical configuration. / 

4041 . The system of claim 4027, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

4042. The system of claim 4027, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one/elongated member, wherein the perforated tube is 
configurable to remove vapor frop the opening to control a pressure in the opening 
during use. 

4044. The system of claim 
the opening, wherein the ovj 
formation. / 



327, further comprising an overburden casing coupled to 
6rburden casing is disposed in an overburden of the 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. ] 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an yoverburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4047. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposoti at a junction of the overburden 
casing and the opening. / 

4048. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isyaisposed in an overburden of the 
formation, wherein a packing material is dispyosed at a junction of the overburden casing 
and the opening, and wherein the packing m|aterial comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material isS disposed at a junction of the overburden casing 
and the opening, and wherein the packmg material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyzed. / 

405 1 . An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical cmrent to at least one elongated member to provide heat to 

at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 

inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated mender to a section of 

the formation. / ' 

/ i 

4052. The method of claim 405 1 , wherein at least the one elongated member comprises 
a metal strip. / 

4053. The method of claim 405 1 , wherein at least the onfe elongated member comprises 
a metal rod. / 

4054. The method of claim 405 1, wherein at least the one elongated member comprises 
stainless steel. / 

4055. The method of claim 405 1 , further composing supporting at least the one 
elongated member on a center support member/ 

4056. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. / 

4057. The method of claim 405 1 , fumher comprising electrically isolating at least the 
one elongated member with a centranzer. 

4058. The method of claim 405 1( further comprising laterally spacing at least the one 
elongated member with a centraJizer. 

4059. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a series configuration. 
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4060. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a parallel configuration. / 

406 1 . The method of claim 405 1 , wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. / 

4062. The method of claim 405 1, further comprising determining a temperature 
distribution in at least the one elongated member u/ing an electromagnetic signal 
provided to at least the one elongated member. / 

4063. The method of claim 4051, further comprising monitoring the applied electrical 
current. / 

4064. The method of claim 405 1 , further /comprising monitoring a voltage applied to at 
least the one elongated member. / 

4065. The method of claim 405 1 , further comprising monitoring a temperature in at 
least the one elongated member v^ith aft least one thermocouple. 

4066. The method of claim 405 1 , mrther comprising supporting at least the one 
elongated member on a center sunport member, wherein the center support member 
comprises openings, wherein prm^iding the oxidizing fluid to at least the one elongated 
member comprises flov^ng theyoxidizing fluid through the openings in the center support 
member. / 

4067. The method of claim 405 1, wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at least the one elongated member. 
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4068. The method of claim 405 1, further comprising electrically/ coup Ung a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

4069. The method of claim 405 1 , further comprising eleclrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 



10 



4070. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor compri/es a substantially low resistance 
insulated conductor. 



4071 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



4072. The method of claim 405 1 , furti^er comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 



^20 
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4073. The method of claim 405 1 , mrther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



25 



4074. The method of claim 405rl , further comprising coupling an overburden casing to 
the opening, wherein a packin^material is disposed at a junction of the overburden 
casing and the opening. 



30 



4075. The method of claimf 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a paclcing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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least the portion of the 
thin the formation. 

4077. An in situ method for heating a hydrocarbon contaifiing formation, comprising: 
oxidizing a fuel fluid in a heater; / 

providing at least a portion of the oxidized fuel fluid into a conduit disposed in an 
opening of the formation; / 

allowing heat to transfer from the oxidized mel fluid to a section of the formation; 
and / 

allowing additional heat to transfer from an electric heater disposed in the opening 
to the section of the formation, wherein heat is allowed to transfer substantially uniformly 
along a length of the opening. / 

4078. The method of claim 4077, whereiryproviding at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening. / 

4079. The method of claim 4077, wMerein providing at least the portion of the oxidized 
fuel fluid into the opening comprise^ flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening, the method further comprising removing an exhaust 
fluid through the opening. / 

4080. The method of claim 4077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. / 

4081 . The method of claim 4077, further comprising removing the oxidized fuel fluid 
through the conduit. / 

4082. The method of dlaim 4077, further comprising removing the oxidized fuel fluid 
through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 



4076. The method of claim 405 1 , further comprising heating at/ 
formation to substantially pyrolyze at least some of the carbon; 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantiallj^/uniformly along a length of the 
conduit. / 

4084. The method of claim 4077, wherein the eleolric heater is an insulated conductor. 

4085. The method of claim 4077, wherein the/electric heater is a conductor disposed in 
the conduit. / 

4086. The method of claim 4077, wherein the electric heater is an elongated conductive 
member. / 

4087. The method of claim 4077, wherein the hydrocarbon containing formation 
comprises a coal containing formation. 

4088. The method of claim 4077/ wherein the hydrocarbon containing formation 
comprises an oil shale containing formation. 

4089. The method of claim 4j677, wherein the hydrocarbon containing formation 
comprises a heavy oil and/or Aar containing permeable formation. 

4090. The method of claim 4077, wherein the hydrocarbon containing formation 
comprises a heavy oil and/or tar containing impermeable formation. 

4091 . A system configured to heat a hydrocarbon containing formation, comprising: 
one or more hoat sources disposed within one or more open wellbores in the 

formation, wherein the one or more heat sources are configured to provide heat to at least 
a portion of the formation during use; and 
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wherein the system is configured to allow heat to transffir from the one or more 
heat sources to a selected section of the formation during use 7 

4092. The system of claim 4091, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

4093. The system of claim 4091, wherein the oneyor more heat sources comprise 
electrical heaters. / 

4094. The system of claim 4091, wherein the^ne or more heat sources comprise surface 
bumers. 

4095. The system of claim 4091, 
flameless distributed combustors. 

4096. The system of claim 409 1 , 
distributed combustors. 

4097. The system of claim 409 1 , 
diameter of at least approximately 

4098. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation. 

4099. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing comprises steel. 

I 



wherein/the one or more heat sources comprise 

wh^in the one or more heat sources comprise natural 

wherein the one or more open wellbores comprise a 
5 cm. 
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4100. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburderycasing is further disposed in 
cement. / 

4101. The system of claim 4091, further comprisingyon overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a papdng material is disposed at a junction 
of the overburden casing and the at least one of me one or more open wellbores. 

4102. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellboresywherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least on^of the one or more open wellbores, and 
wherein the packing material is configured to substantially inhibit a flow of fluid between 
at least one of the one or more open wmlbores and the overburden casing during use. 

4103. The system of claim 4091, ftirther comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material comprises cement. 

4 1 04. The system of claimf 409 1 , wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. / 

4105. The system of daim 4091, further comprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure wdthin at least a majority of 
the selected section of the formation. 
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4106. The system of claim 4091, further comprising a valve coupled to a production 
well configured to control a pressure v^thin at least a majority ofmo selected section of 
the formation. / 

4107. A method of treating a hydrocarbon containingformation in situ, comprising: 
providing heat from one or more heat sources/xo at least one portion of the 

formation, wherein the one or more heat sources are disposed within one or more open 
wellbores in the formation; / 

allowing the heat to transfer from the oi/e or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation. 

4108. The method of claim 4107, wherein the one or more heat sources comprise at 
least two heat sources, and wherein sunprposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4109. The method of claim 41 OX wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range with a lower pyrolysis tepiperature of about 250 °C and an upper pyrolysis 
temperature of about 400 °C. / 

4110. The method of claim 4107, wherein the one or more heat sources comprise 
electrical heaters. / 

4111. The method of claim 4107, wherein the one or more heat sources comprise 
surface burners. / 

4112. The method of claim 4107, wherein the one or more heat sources comprise 
flameless distributee combustors. 
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4113. The method of claim 41 07, wherein the one or mop heat sources comprise natural 
distributed combustors. / 

4114. The method of claim 4107, wherein the one or more heat sources are suspended 
within the one or more open wellbores. / 

41 15. The method of claim 4107, wherein a tube is disposed in at least one of the one or 
more open wellbores proximate to heat source,ihe method further comprising flowing a 
substantially constant amount a fluid into at least one of the one or more open wellbores 
through critical flow orifices in the tube. / 

4116. The method of claim 4107, wherem a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. / 

4117. The method of claim 4 1 07,^urther comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation. 

41 18. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or mors open wellbores, wherein the overburden casing is disposed 
in an overburden of the fommtion, and wherein the overburden casing comprise steel. 

4119. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing is further disposed 
in cement. / 
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4120. The method of claim 4107, fUrther comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein theyoverburden casing is disposed 
in an overburden of the formation, and wherein a packin^material is disposed at a 
junction of the overburden casing and the at least one oi the one or more open wellbores. 

4121. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, v^erein the overburden casing is disposed 
in an overburden of the formation, and whereiiythe method further comprises inhibiting a 
flow of fluid between the at least one of the ope or more open wellbores and the 
overburden casing with a packing material. 

4122. The method of claim 4107, further comprising heating at least the portion of the 
formation to substantially pyrolyze at le^st some of the carbon within the formation. 

4123. The method of claim 4107, fisher comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fun^ion of temperature, or the temperature is controlled as 
a function of pressure. 

4124. The method of claim 4/07, further comprising controlling a pressure with the 
wellbore. 

4125. The method of claiiii 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to at least 
one of the one or more hjeat sources. 



4126. The method of claim 4107, further comprising controlling a pressure v^thin at 
least a majority of the selected section of the formation With a valve coupled to a 
production well located in the formation. 
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4127. The method of claim 4107, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abouy 1 °C per day during 
P)a*olysis. / 

4128. The method of claim 4 1 07, wherein providing neat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation/nas an average heat capacity(Cv), and 
wherein the heating pyrolyzes at least some hYorocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provider to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation/ 

Pwr =^ h'^V^Cy'^pB / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps 'is formation bulk densit)^ and wherein the heating rate is less than about 10 
°C/day. / 

4129. The method of claim 4107, wherein allowing the heat to transfer from the one or 
more heat sources to the selected Section comprises transferring heat substantially by 
conduction. / 

4130. The method of claim 4107, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

4131. The method of clai 
hydrocarbons having an A 

4132. The method of ciaim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and whearein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



4107, wherein the produced mixture comprises condensable 
gravity of at least about 25°. 
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4133. The method of claim 4107, wherein the produced mHt^ comprises non- 
condensable hydrocarbons, and wherein a molar ratio of/thene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 toibout 0.15. 

4134. The method of claim 4107, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0./ % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefir 

4135. The method of claim 4107, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4136. The method of claim 4107, whecbin the produced mixture comprises condensable 
hydrocarbons, and wherein less than aWout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

4137. The method of claim 4107, Avherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %yDy weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen G(ontainlng compounds, and wherein the oxygen 
containing compounds comprise phenols. 

4138. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



4139. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and where n greater than about 20 % by weight of the condensable 
hydrocarbons are aromatjc compounds. 



V 
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4140. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



4141. The method of claim 4 1 07, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 by weight of the condensable 
hydrocarbons are asphaltenes. 

4142. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalmnes. 

4143. The method of claim 4107, wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
and wherein the hydrogen is grea/fer than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

4144. The method of claiM 4107, wherein the produced mixture comprises ammonia, 
and wherein greater than afcout 0.05 % by weight of the produced mixture is ammonia. 

4145. The method of daim 4107, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4146. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of tne selected section of the formation. 



4147. The methoa of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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4148. The method of claim 4107, further comprising controj1|ing formation conditions 
such that the produced mixture comprises a partial pressurer of H2 within the mixture 
greater than about 0.5 bar. / 

4149. The method of claim 4148, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. / 

4150. The method of claim 4107, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

4151. The method of claim 4 1 07, further ^omprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

4152. The method of claim 4 1 07, flpher comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

4153. The method of claim 4y07, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

4154. The method of claim 4107, wherein allowing the heat to transfer comprises 
increasing a permeability/of a majority of the selected section to greater than about 100 
millidarcy. 

4155. The method of 
substantially uniformlft 



:laim 4107, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section. 
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4156. The method of claim 4107, further comprising pontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

4157. The method of claim 4107, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for the production well. / 

4158. The method of claim 4107, further comprising providing heat from three or more 
heat sources to at least a portion of the formiation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. / 

4159. The method of claim 4107, furmer comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fcpn a repetitive pattem of units. 

4160. The method of claim 4107, further comprising separating the produced mixture 
into a gas stream and a liquid siream. 

4161. The method of claim k 1 07, further comprising separating the produced mixture 
into a gas stream and a liquia stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

4162. The method of claim 4107, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. / 
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4163. The method of claim 4107, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 firom non-condensable 
hydrocarbons. / 

4164. The method of claim 4107, wherein the mixture/is produced from a production 
well, wherein the heating is controlled such that the rmxture can be produced from the 
formation as a vapor. / 

4165. The method of claim 4107, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

4166. The method of claim 4107, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the/nixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas component and H2. 

4167. The method of claim 4107ywherein the selected section is heated to a minimum 
pyrolysis temperature of about 270 °C. 

4168. The method of claim 4y07, further comprising maintaining the pressure within the 
formation above about 2.0 bay absolute to inhibit production of fluids having carbon 
numbers above 25. / 

4169. The method of claim 4107, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hyarocarbons. 
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4170. The method of claim 4107, further comprising controlliiig pressure within the 
formation in a range from about atmospheric pressure to aboin 100 bar, as measured at a 
wellhead of a production well, to control an API gravity ofi^ondensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

4171. A mixture produced from a portion of a h/drocarbon containing formation, the 
mixture comprising: / 

an olefin content of less than about 10% by weight; and 
an average carbon number less than about 35. 

4 1 72 . The mixture of claim 4171, furmer comprising an average carbon number less 
than about 30. / 

4 1 73 . The mixture of claim 4 1 7 1( further comprising an average carbon number less 
than about 25. / 

4 1 74. The mixture of claini/4 171, further comprising: 

non-condensable hvxirocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and / 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane/in the mixture is greater than approximately 1 . 

4175. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less than about 1 % by weight, when 
calculated on an/atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about A % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. 
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4176. The mixture of claim 4171, further comprising ammo^a, wherein greater than 
about 0.05 % by weight of the produced mixture is ammor 

4177. The mixture of claim 4171, further comprising /ondensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and whe^in the olefin content of the 
condensable hydrocarbons is less than about 15^ by weight of the condensable 
hydrocarbons. 

4178. The mixture of claim 4171, further^omprising condensable hydrocarbons, 
wherein less than about 15 % by weight /f the condensable hydrocarbons have a carbon 
number greater than about 25. 

4179. The condensable hydrocarbons of claim 4178, wherein less than about 1 % by 
weight, when calculated on an atopiic basis, of the condensable hydrocarbons is nitrogen, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen, and wherein less than about 1 % by weight, when 
calculated on an atomic basia of the condensable hydrocarbons is sulfur. 

41 80. The mixture of clam 41 77, further comprising condensable hydrocarbons, 
wherein greater than aboyUt 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

4181. The mixture if claim 4171, further comprising: 
non-condenafable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 3, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4^0 methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 ^Jby weight of the non-condensable hydrocarbons comprises H2; and 

condensable hydrocarbons, comprising: 
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oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than/about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compomids. 

4182. The mixture of claim 4171, further comprisyig: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; / 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, \perein greater than about 5 % by weight of 
the condensable hydrocarbons comprises y&xygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbon/s comprising H2, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4183. The mixture of claim 4 1 7 Ir, further comprising a condensable mixture, 
comprising: / 

olefins, wherein about o/l % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. / 

4184. The condensable rriixture of claim 4183, further comprising, oxygenated 
hydrocarbons, wherein lefts than about 15 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons; 

4185. The mixture of/claim 4171, further comprising a condensable mixture, 
comprising: / 
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olefins, wherein about 0.1 % by weight to about 2/% by weight of the 
condensable mixture comprises olefins; and / 

multi-ring aromatics, wherein less than about ^ % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings. 

41 86. The condensable mixture of claim 41 84, further comprising oxygenated 
hydrocarbons, wherein greater than about 25 ^by weight of the condensable mixture 
comprises oxygenated hydrocarbons. / 

4 1 87. The mixture of claim 4171, furthey comprising: 

non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 
comprise H2, wherein greater than abom 10 % by weight of the non-condensable 
hydrocarbons comprises H2; / 

ammonia, wherein greater th^n about 0.5 % by weight of the mixture comprises 
ammonia; and / 

hydrocarbons, wherein a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is greater than about 0.4. 

4188. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture, comprising: / 

non-condensable hjprocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and / 

wherein a weight ratio of the hydrocarbons having carbon numbers fi:om 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

4189. The mixture oy claim 4175, further comprising condensable hydrocarbons, 
wherein about 0.1 % joy weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

4190. The mixture of claim 4175, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4191. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated^n an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

4192. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

4 1 93 . The mixture of claim 4 1 75, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, ancy wherein the oxygen containing compounds 
comprise phenols. 

4194. The mixture of claim 4175, furthe/ comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, )vhen calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

4195. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by jweight of the condensable hydrocarbons are aromatic 
compounds. 

4196. The mixture of claim 417s, further comprising condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than Iwo rings. 

4197. The mixture of clainy4175, further comprising condensable hydrocarbons, 
wherein less than about 0.3p^> by weight of the condensable hydrocarbons are 
asphaltenes. 
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4198. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight ofahe condensable hydrocarbons 
comprise cycloalkanes. / 

4199. The mixture of claim 4175, wherein the nonycondensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein themydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. / 

4200. The mixture of claim 4175, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4201. The mixture of claim 4175, furtl/er comprising ammonia, wherein the ammonia is 
used to produce fertilizer. / 

4202. The mixture of claim 4175, Airther comprising condensable hydrocarbons, 
wherein less than about 1 5 weighy % of the condensable hydrocarbons have a carbon 
number greater than approximately 25. 

4203. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the/condensable hydrocarbons comprises olefins. 

4204. The mixture of c/aim 4175, further comprising condensable hydrocarbons, 
wherein the condensab/e hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weigm of the condensable hydrocarbons comprises olefins. 

4205. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. / 
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4206. The mixture of claim 4175, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons compri/e H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbmis comprises H2. 

4207. The mixture of claim 41 75, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons Comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4208. The mixture of claim 4175, whe/ein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane; is greater than about 0.3. 

4209. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: / 

non-condensable hydrocairbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weighlf ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is grea/er than approximately 1 ; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight ot the condensable component comprises oxygenated 
hydrocarbons. / 

42 1 0. The mixture of <f laim 4209, wherein about 0.1% by weight to about 1 5 % by 
weight of the condensable hydrocarbons are olefins. 

42 1 1 . The mixture of claim 4209, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4212. The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an/atomic basis, of the condensable hydrocarbons is nitrogen. 
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42 1 3 . The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4214. The mixture of claim 4209, wherein less than aboQt 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrorcarbons is sulfur. 
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4215. The mixture of claim 4209, wherein about sVo by weight to about 30 % by 
weight of the condensable hydrocarbons compris/ oxygen containing compounds, and 
wherein the oxygen containing compounds coniprise phenols. 

4216. The mixture of claim 4209, wherein /reater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

42 1 7. The mixture of claim 4209, whe/ein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

42 1 8. The mixture of claim 4209, Avherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asmialtenes. 

4219. The mixture of claim 42f09, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4220. The mixture of claim 4209, wherein the non-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable Hydrocarbons. 



4221. The mixture ofi^claim 4209, wherein the produced mixture comprises ammonia, 
and wherein greater tMan about 0.05 % by weight of the produced mixture is ammonia. 
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4222. The mixture of claim 4209, wherein the produceia mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer/ 

4223. The mixture of claim 4209, wherein less than about 5 weight % of the 
condensable hydrocarbons in the mixture have a/carbon number greater than 
approximately 25. / 

4224. The mixture of claim 4209, wherein/the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4225. The mixture of claim 4209, wherein the condensable hydrocarbons fiarther 
comprise olefins, and wherein about OA % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4226. The mixture of claim 4209, wherein the non-condensable hydrocarbons further 
comprise Hi, wherein greater man about 5 % by weight of the mixture comprises H2. 

4227. The mixture of claim 4209, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater than about 15 % by weight of the mixture comprises H2. 

4228. The mixture of claim 4209, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4229. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising 7 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to metnane, is greater than approximately 1 ; 

condensable hydrocarbons; 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; / 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and / 

wherein less than about 1 % by weight, when/calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. / 

4230. The mixture of claim 4229, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

423 1 . The mixture of claim 4229, whereirpess than about 5 weight % of the 
condensable hydrocarbons have a carbon number greater than approximately 25. 

4232. The mixture of claim 4229, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. / 

4233. The mixture of claim A22% wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4234. The mixture of claim 4229, wherein about 5 % by weight to about 30 % by 
weight of the condensable hycfrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

423 5 . The mixture of claii 
condensable hydrocarbons 

4236. The mixture of clai 
condensable hydrocarbona 



'4229, wherein greater than about 20 % by weight of the 
re aromatic compounds. 



: 4229, wherein less than about 5 % by weight of the 
I comprises multi-ring aromatics with more than two rings. 
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4237. The mixture of claim 4229, wherein less than about 0.3 V/hy weight of the 
condensable hydrocarbons are asphaltenes. 

4238. The mixture of claim 4229, wherein about 5 % by/weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkan/s. 
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4239. The mixture of claim 4229, wherein the non^condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 
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4240. The mixture of claim 4229, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produce mixture is ammonia. 

4241 . The mixture of claim 4229, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4242. The mixture of claim 4229, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4243. The mixture of claim 4329, wherein the non-condensable hydrocarbons comprise 
H2, and wherein greater than apout 5 % by weight of the non-condensable hydrocarbons 
comprises H2. 

4244. The mixture of claii^ 4229, wherein the non-condensable hydrocarbons comprise 
H2, and wherein greater than about 15 % by weight of the mixture comprises H2. 
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, than about 2 carbon atoms 



4229, wherein a weight ratio of hydrocarbons having greater 
to methane, is greater, than about 0.3. 
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4246. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: / 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 

anmionia, wherein greater than about 0.5 % by weight of the mixture comprises 
ammonia; and / 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condpsable hydrocarbons comprises oxygenated 
hydrocarbons. / 

4247. The mixture of claim 424S, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons areyolefins. 

4248. The mixture of claim 4246, wherein the non-condensable hydrocarbons ftirther 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon^ ranges from about 0.001 to about 0.15. 

4249. The mixture of ctlaim 4246, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4250. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of tne condensable hydrocarbons is oxygen. 

425 1 . The mixmre of claim 4246, wherein the condensable hydrocarbons further 
comprise sulfur/ and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4252. The mixture of claim 4246, wherein the condensatole hydrocarbons further 
comprise oxygen containing compounds, wherein aboux 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise ovygen containing compounds, and 
wherein the oxygen containing compoimds comprisfe phenols. 

5 / 

4253. The mixture of claim 4246, wherein the liondensable hydrocarbons further 
comprise aromatic compounds, and wherein g^bater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

10 4254. The mixture of claim 4246, whereih the condensable hydrocarbons further 
comprise multi-aromatic rings, and wheifein less than about 5 % by weight of the 
condensable hydrocarbons comprises muhi-ring aromatics with more than two rings. 

4255. The mixture of claim 4246, wherein the condensable hydrocarbons further 

15 comprise asphaltenes, and whereiiy less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4256. The mixture of claim ^46, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and ^erein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons bScq cycloalkanes. 

4257. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise hydrogen, whecein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocwbons, and wherein the hydrogen is less than about 80 % by 

25 volume of the non-conaensable hydrocarbons. 

4258. The mixture of claim 4246, wherein the produced mixture further comprises 
ammonia, and wherqin greater than about 0.05 % by weight of the produced mixture is 
ammonia. 

30 
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4259. The mixture of claim 4246, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4260. The mixture of claim 4246, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the/nixture have a carbon number greater 
than approximately 25. / 

4261 . The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about/s % by weight of the mixture comprises H2. 

4262. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about 15 % by weight of the mixture comprises 
H2. / 

4263. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carmn numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon numbers greater than 2, to methane, is greater than about 
0.3. / 

4264. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: / 

non-condensable hycfrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; and 

condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensarae hydrocarbons comprises olefins. 

4265. The mixture or claim 4264, wherein the non-condensable hydrocarbons fixrther 
comprise ethene and ithane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4266. The mixture of claim 4264, wherein the condensaMp hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by height, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrpgen. 

4267. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about / % by weight, when calculated on an 
atomic basis, of the condensable hydrocarborifs is oxygen. 

4268. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than smout 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4269. The mixture of claim 4264/ wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4270. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4271. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise multi-rin^aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4272. The mixmre of claim 4264, wherein the condensable hydrocarbons further 
comprise asphajrtenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons ate asphaltenes. 
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4273. The mixture of claim 4264, wherein the condensable' hydrocarbons further 
comprise cycioalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

4274. The mixture of claim 4264, wherein the ngri-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about 10 % by volume of 
the non-condensable hydrocarbons and wherpn the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4275. The mixture of claim 4264, wh^ein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia, / 

4276. The mixture of claim 42p4, wherein the produced mixture further comprises 
ammonia, and wherein the animonia is used to produce fertilizer. 

4277. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than abouty/lS % by weight of the hydrocarbons have a carbon number 
greater than approxiniately 25. 

4278. The mixture of claim 4264, wherein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 

4279. The nyxture of claim 4264, wherein about 0.1% to about 2 % by weight of the 
condensableycomponent comprises olefins. 

4280. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 
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4281. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4282. The mixture of claim 4264, wherein the nfoh-condensable hydrocarbons further 
comprise H2, and wherein greater than about 5/% by weight of the non-condensable 
hydrocarbons comprises H2. / 

4283. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than aroout 15 % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4284. The mixture of claim 4264, Avherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to memane, is greater than about 0.3. 

4285. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: / 

condensable hydrocaurbons, wherein less than about 15 weight % of the 
condensable hydrocarbon/ have a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
wherein greater than about 5 % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. 

4286. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-dondensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less man 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4287. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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4288. The mixture of claim 4285, further comprising nonTCondensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-con^nsable hydrocarbons ranges 
from about 0.001 to about 0.15. 

4289. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about l/% by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons/s nitrogen. 
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4290. The mixture of claim 4285, whereiii the condensable hydrocarbons further 
comprise oxygen, and wherein less than ibout 1 % by weight, when calculated on an 
atomic basis, of the condensable hydroycarbons is oxygen. 

4291 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein lessAhan about 1 % by weight, when calculated on an 
atomic basis, of the condensable^hydrocarbons is sulfur. 

4292. The mixture of claim A285, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



25 



4293. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise aromatic compoimds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4294. The mixtures of claim 4285, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydirocarbons comprises multi-ring aromatics with more than two rings. 
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4295. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by w^ght of the condensable 
hydrocarbons are asphaltenes. / 

4296. The mixture of claim 4285, wherein the condei^able hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

4297. The mixture of claim 4285, further coralprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons ^omprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less than about JsQ % by volume of the non-condensable 
hydrocarbons. / 

4298. The mixture of claim 4285( further comprising anunonia, and wherein greater 
than about 0.05 % by weight of me produced mixture is ammonia. 

4299. The mixture of claim4285, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4300. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 

430 1 . The mixtures of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins/ and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4302. The nwxture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 



/ 
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4303. The mixture of claim 4285, wherein the condensabjp hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greatei* than about 5 % by weight of 
the condensable hydrocarbons comprises the oxygena^d hydrocarbon. 

4304. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4305. The mixture of claim 4285, further (Comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 15 
% by weight of the non-condensable hydrocarbons comjprises H2. 

4306. The mixture of claim 4285, Wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to meth^e, is greater than about 0.3. 

4307. A mixture produced firor/ a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocaB^ons, wherein less than about 15 % by weight of the 
condensable hydrocarbons Mave a carbon number greater than about 25; 

wherein less than aoout 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 

wherein less thail about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and 

wherein less tHan about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 

4308. The mixturJ of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less thjan 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4309. The mixture of claim 4307, wherein the condeilsable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weig)?u^to about 15 % by weight of the 
condensable hydrocarbons are olefins. / ^ 

4310. The mixture of claim 4307, fiirther comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethaiie in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0. 1 5. / 

43 11 . The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise oxygen containing compourms, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

43 12. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise aromatic compounds/and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

43 13. The mixture of claim 4307, wherein the condensable hydrocarbons fiirther 
comprise multi-ring aronmtics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

43 14. The mixture ouclaim 4307, wherein the condensable hydrocarbons fiirther 
comprise asphaltenes/and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asmialtenes. 

43 1 5. The mixturd of claim 4307, wherein the condensable hydrocarbons fiirther 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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43 16. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % by yolume of the non-condensable 
component comprises hydrogen. 



43 17. The mixture of claim 4307, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



10 



4318. The mixture of claim 4307, further cgmprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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43 19. The mixture of claim 4307, wherein the condensable component further 
comprises olefins, and wherein about 0/1 % to about 5 % by weight of the condensable 
component comprises olefins. 

4320. The mixture of claim 4307ywherein the condensable component further 
comprises olefins, and wherein a^out 0.1 % to about 2.5 % by weight of the condensable 
component comprises olefins. 



j5 20 4321 . The mixture of claim 4307, wherein the condensable hydrocarbons further 

comprise oxygenated hydrooarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4322. The mixture of clafim 4307, further comprising non-condensable hydrocarbons, 
25 wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4323. The mixture or* claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-conaensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



Conley, Rose & Tayon, P.C. 



4324. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-conde^able hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greatei/lhan about 0.3. 

4325. A mixture produced from a portion of a hydpcarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein lessXhan^ about 15 % by weight of the 
condensable hydrocarbons have a carbon nunioer greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is Ipss than about 10 % by weight of the 
condensable component. 

4326. The mixture of claim 4325, fisher comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4327. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise olefins, and wherem about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4328. The mixture of claim 4325, fiirther comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about O.OOl to about 0.15. 

4329. The mixture or claim 4325, wherein the condensable hydrocarbons fiirther 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4330. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



433 1 . The mixture of claim 4325, wherein th^ condensable hydrocarbons fiirther 
comprise sulfur, and wherein less than abouy'l % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfiir. 
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4332. The mixture of claim 4325, wherein the condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weimt of the condensable hydrocarbons comprise 
oxygen containing compounds, andywherein the oxygen containing compounds comprise 
phenols. 

4333. The mixture of claim 43^5, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons ace aromatic compounds. 

4334. The mixture of clami 4325, wherein the condensable hydrocarbons further 
comprise multi-ring arornatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbonis comprises multi-ring aromatics with more than two rings. 

4335. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4336. The mixtiire of claim 4325, wherein the condensable hydrocarbons further 
comprise cycloaMcanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4337. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
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hydrogen is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. 

4338. The mixture of claim 4325, further comprising anunonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia, i 

4339. The mixture of claim 4325, further comprising ammo^, and wherein the 
ammonia is used to produce fertilizer. / 

4340. The mixture of claim 4325, wherein about 0. 1 % to about 5 % by weight of the 
condensable component comprises olefins. / 

4341 . The mixture of claim 4325, wherein abou/o. 1 % to about 2 % by weight of the 
condensable component comprises olefins. / 

4342. The mixture of claim 4325, wherein me condensable component further 
comprises oxygenated hydrocarbons, and Wnerein greater than about 1 .5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4343. The mixture of claim 4325, wh/rein the condensable component further 
comprises oxygenated hydrocarbons,And wherein greater than about 25 % by weight of 
the condensable component compri/es oxygenated hydrocarbons. 

4344. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hwirocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4345. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-aondensable hydrocarbons comprises H2. 
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4346. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approxim^ely 0.3. 

4347. A mixture produced from a portion of a hydrocarbon coWining formation, 
comprising: / 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and / 

wherein the condensable hydrocarbons ftlrther comprise aromatic compounds, 
wherein more than about 20 % by weight of the condensable hydrocarbons comprises 
aromatic compounds. / 

4348. The mixture of claim 4347, fiirthp* comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarb^ons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein aAveight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4349. The mixture of claim 434/7, wherein the condensable hydrocarbons ftirther 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ar^olefins. 

4350. The mixture of claim 4347, fiulher comprising non-condensable hydrocarbons, 
wherein a molar ratio of ettiene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

435 1 . The mixture of alaim 4347, wherein the condensable hydrocarbons further 
comprise nitrogen, andf wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4352. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4353. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 %hy weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4354. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen containing compoums, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocaroons comprise oxygen containing compounds, and 
wherein the oxygen containing ccmipounds comprise phenols. 

4355. The mixture of clainiA347, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4356. The mixture af claim 4347, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons areAsphaltenes. 

4357. The mixture of claim 4347, wherein the condensable hydrocarbons comprise 
cycloalkanea and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4358. Trie mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein ttie non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 
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4359. The mixture of claim 4347, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4360. The mixture of claim 4347, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

4361 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4362. The mixture of claim 4347, wherein me condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4363. The mixture of claim 4347, whprein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons comprises multi-ring aromatic compounds. 

4364. The mixture of claim 434y, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and vmerein greater than about 1.5 % by weight of the 
condensable hydrocarbons coniprises oxygenated hydrocarbons. 

4365. The mixture of claim/l-347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, m\d wherein greater than about 25 % by weight of the 
condensable component cdmprises oxygenated hydrocarbons. 

4366. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4367. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4368. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4369. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: / 

non-condensable hydrocarbons comprisin^hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture isr greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons/, wherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons oomprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and' 

aromatic compovmdy, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4370. The mixture of claim 4i69, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, md wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4371 . The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the conpensable hydrocarbons is nitrogen. 
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4372. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4373. The mixture of claim 4369, wherein the condensable hydroieiarbons further 
comprise sulfur, and wherein less than about 1 % by weight, wjafen calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. / 

4374. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprisor oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4375. The mixture of claim 4369, wherein me condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4376. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4377. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons arer cycloalkanes. 

4378. The mixture of claim 4369, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and /vherein greater than about 10 % by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 
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4379. The mixture of claim 4369, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4380. The mixture of claim 4369, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

4381 . The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 15 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25 . / 

4382. The mixture of claim 4369, wherein aboutrO.l % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. / 

4383. The mixture of claim 4369, wherein a(bout 0.1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefms. 

4384. The mixture of claim 4369, whe/ein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4385. The mixture of claim 4369,Avherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoma and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4386. A mixture produced jfrom a portion of a hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbon^comprises hydrocarbons having a carbon number greater than 
about 25; / 

wherein the condensable hydrocarbons further comprise: 
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oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein grea^eXthan about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising Hi, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 



4387. The mixture of claim 4386, whereih the non-condensable hydrocarbons further 
comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon n^nbers from 2 through 4, to methane, is greater 
than approximately 1 . 



4388. The mixture of claim 43 86/ wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein ^molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from aboul 0.00 1 to about 0. 15. 

4389. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4390. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condmsable hydrocarbons is oxygen. 



4391 . The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the con iensable hydrocarbons is sulfur. 
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4392. The mixture of claim 4386, wherein the condensable hydpcarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4393. The mixtxxre of claim 4386, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than/about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromiatics with more than two rings. 

4394. The mixture of claim 4386, wherein the/condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4395. The mixture of claim 4386, whecfein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclo^kanes. 

4396. The mixture of claim 4386/ wherein greater than about 10 % by volume and less 
than about 80 % by volume of ihk non-condensable hydrocarbons is hydrogen. 

4397. The mixture of claim 4^86, further comprising ammonia, and wherein greater 
than about 0.05 % by weight pf the produced mixture is ammonia. 

4398. The mixture of claim 4386, further comprising ammonia, and wherein the 
ammonia is used to produjpe fertilizer. 

4399. The mixture of 
condensable hydrocarb 

4400. The mixture df claim 4386, wherein about 0. 1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 



iaim 4386, wherein about 0.1 % to about 5 % by weight of the 
)ns comprises olefins. 
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4401 . The mixture of claim 4386, wherein the condensable hydrocsAons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 % bWweight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. / 

5 / 

4402. The mixture of claim 4386, wherein the mixture coniprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight/ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater man about 0.3. 

10 4403. A condensable mixture produced from a portion of a hydrocarbon containing 
formation, comprising: / 

olefins, wherein about 0.1 % by weight tor about 15 % by weight of the 
condensable mixture comprises olefins; / 

oxygenated hydrocarbons, wherein le/s than about 1 5 % by weight of the 
^ 15 condensable mixture comprises oxygenatecMiydrocarbons; and 

asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. / 

4404. The mixture of claim 4403, wtterein the condensable mixture ftjrther comprises 

5 20 hydrocarbons having a carbon nimiber of greater than approximately 25, and wherein less 
i than about 1 5 weight % of the hydrocarbons in the mixture have a carbon number greater 

than approximately 25. / 

4405. The mixture of claim 440B, wherein about 0.1 % by weight to about 5 % by 
25 weight of the condensable mixture comprises olefins, 

4406. The mixture of claim 4403, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 

30 hydrocarbons ranges fi"om apout 0.001 to about 0.15. 
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4407. The mixture of claim 4403, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 



4408. The mixture of claim 4403, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when /a^culated on an atomic basis, 
of the condensable mixture is oxygen. / ' 



4409. The mixture of claim 4403, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight,/vhen calculated on an atomic basis, of 
the condensable mixture is sulfur. 

4410. The mixture of claim 4403, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen^ontaining compounds, and wherein the 
oxygen containing compounds comprise phenols. 

441 1 . The mixture of claim 4403, wherein the condensable mixture further comprises 
aromatic compounds, and wherein grjeater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4412. The mixture of claim 4403/ wherein the condensable mixture further comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4413. The mixture of claim 4403, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. 



4414. The mixture 
condensable hydrocarbons 



of claiin 4403, wherein the condensable mixture comprises non- 
and wherein the non-condensable hydrocarbons comprise 
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hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

441 5. The mixture of claim 4403, further comprising ammonia( ana wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4416. The mixture of claim 4403, further comprising ajnmonia, and wherein the 
ammonia is used to produce fertilizer. 

4417. The mixture of claim 4403, wherein about j6.1 % by weight to about 2 % by 
weight of the condensable mixture comprises oloftins. 



15 



£ 20 



441 8. A condensable mixture produced frorji a portion of a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 0.1 % by w/ight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aromatics, wherein lefes than about 2 % by weight of the condensable 
mixture comprises multi-ring aromaties with more than two rings; and 

oxygenated hydrocarbons, wnerein greater than about 25 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons. 



25 



4419. The mixture of claim 44^, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture hive a carbon number greater than approximately 25. 



30 



4420. The mixture of claimf 441 8, wherein the condensable mixture further comprises 
nitrogen, and wherein less man about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. 



V 
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442 1 . The mixture of claim 44 1 8, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

4422. The mixture of claim 441 8, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight, wl^n calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 

4423. The mixture of claim 441 8, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise Oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

4424. The mixture of claim 441 8,ywherein the condensable mixture further comprises 
aromatic compounds, and whereiji greater than about 20 % by weight of the condensable 
mixture are aromatic compound 

4425. The mixture of claim A41 8, wherein the condensable mixture further comprises 
condensable hydrocarbons,yand wherein less than about 0.3 % by weight of the 
condensable hydrocarboniyare asphaltenes. 

4426. The mixture of claim 441 8, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4427. The mixture of claim 441 8, further comprising ammonia, wherein greater than 
about 0.05 % by wdlght of the produced mixture is ammonia. 



4428. The mixture of claim 441 8, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 
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4429. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

non-condensable hydrocarbons and Hi, wherein greater than about 10% by 
volume of the non-condensable hydrocarbons and H2 cony)rises H2; 

ammonia and water, wherein greater than about p. 5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 

4430. The mixture of claim 4429, wherein theynon-condensable hydrocarbons further 
comprise hydrocarbons having carbon nimabe/s of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon number^ from 2 through 4 to methane, in the mixture 
is greater than approximately 1 . 

443 1 . The mixture of claim 4429, whj&rein greater than about 0. 1 % by weight of the 
condensable hydrocarbons are olefin^ and wherein less than about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4432. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, whferein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4433. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic bails, of the condensable hydrocarbons is nitrogen. 

4434. The mixture of cliim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4435. The mixture of tlaim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 
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4436. The mixture of claim 4429, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

5 4437. The mixture of claim 4429, wherein greater than al^t 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4438. The mixture of claim 4429, wherein less thaiyabout 5 % by weight of the 
condensable hydrocarbons comprises multi-ring ar^matics with more than two rings. 

10 

4439. The mixture of claim 4429, wherein le^ than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

m 4440. The mixture of claim 4429, wherelti about 5 % by weight to about 30 % by 

M= 15 weight of the condensable hydrocarbon^ are cycloalkanes. 

yj 

yi 444 1 . The mixture of claim 4429, \y(ierein the Hi is less than about 80 % by volume of 

- I 
p the non-condensable hydrocarbons yand H2. 

fU 

J 20 4442. The mixture of claim 442^9, wherein the condensable hydrocarbons further 

ii / 

|2 comprise sulfur containing comlpounds. 

4443. The mixture of claimA429, wherein the ammonia is used to produce fertilizer. 

25 4444. The mixture of claipi 4429, wherein less than about 5% of the condensable 
hydrocarbons have carbon numbers greater than 25. 

4445. The mixture of ^laim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greatet than about about 0.001 % by weight of the condensable 
30 hydrocarbons comprise olefins, and wherein less than about 15% by weight of the 
condensable hydrocarbons comprise olefins. 
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4446. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0,001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than about 10%|Dy weight of the 
condensable hydrocarbons comprise olefins. / I 

4447. The mixture of claim 4429, wherein the condensate hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than abcmt 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hWrocarbons. 

4448. The mixture of claim 4429, wherein the^ondensable hydrocarbons further 
comprise nitrogen containing compounds. / 

4449. A method of treating a hydrocarbon/containing formation in situ comprising 
providing heat from three or more heat sojurces to at least a portion of the formation, 
wherein three or more of the heat sources are located in the formation in a unit of heat 
sources, and wherein the unit of heat sources comprises a triangular pattem. 

4450. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area of the formation to fdrm a repetitive pattem of units. 

445 1 . The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattem of units, and wherein a ratio of heat 
sources in the repetitive pattem of units to production wells in the repetitive pattem is 
less than approximately 5. / 

4452. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattem of units, wherein three or more 
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production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprises a triangulhr pattern. 

4453. The method of claim 4449, wherein three or more of ^e heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive patten/of units, wherein three or more 
injection wells are located within an area definedT>y the plurality of units, wherein the 
three or more injection wells are located in the/formation in a imit of injection wells, and 
wherein the unit of injection wells comprises/a triangular pattern. 

4454. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 
the plurality of units, wherein the tttree or more production wells are located in the 
formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unit of injection wells, wherein the unit of injection wells comprises a 
second triangular pattern, and wherein the first triangular pattern is substantially different 
than the second triangular pattern. 



4455. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a pluraMty of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
monitoring wells are located within an area defined by the plurality of units, wherein the 
three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattem. 

4456. The method of claim 4449, wherein a production well is located in an area 
defined by the unit of heW sources. 
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4457. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to/me second unit. 

4458. The method of claim 4449, wherein a distance bet^yeen each of the heat sources in 
the unit of heat sources varies by less than about 20 %. 

4459. The method of claim 4449, wherein a distance between each of the heat sources in 
the unit of heat sources is approximately equal. 

4460. The method of claim 4449, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. 

4461 . The method of claim 4449, whe^in the heated portion comprises a substantially 
uniform temperature distribution. 



4462. The method of claim 4449, j^herein the heated portion comprises a substantially 
uniform temperature distribution, aftid wherein a difference between a highest temperature 
in the heated portion and a lowes/ temperature in the heated portion comprises less than 
about 200 °C. 



4463. The method of claim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattem and a /emperature at a center of the triangular pattem are 
approximately equal. 

4464. The method of claim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattem and a temperature at a center of the triangular pattem increase 
substantially linearly after an initial period of time, and wherein the initial period of time 
comprises less than approximately 3 months. 
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4465. The method of claim 4449, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 

heat sources is substantially less than a time required to increase the average temperature 

/ 

of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each of the heat sources in me triangular pattern is 
approximately equal to a space between each of the heax sources in the hexagonal pattern. 

4466. The method of claim 4449, wherein a time/required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heated portior/to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a spac^e between each of the heat sources in the 
triangular pattem is approximately equayto a space between each of the heat sources in 
the hexagonal pattem. 

4467. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the heated poccion to a selected temperature with the triangular 
pattem of heat sources is substamially less than a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattem of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to pe number of heat sources per unit are in the hexagonal 
pattem of heat sources. 



4468. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattem of heat sources m substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattem of heat sources, and wherein a space between each of the heat sources in the 



triangular pattem is aj 



sources in the hexagonal pattem. 



►proximately 5 m greater than a space between each of the heat 
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4469. The method of claim 4449, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from three 
or more of the heat sources, wherein the formation has an ayerage heat capacity (Cv), and 
wherein heat from three or more of the heat sources pyroiyzes at least some hydrocarbons 
within the selected volume of the formation; and 

wherein heating energy/day provided to the vj^ume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day^ his an average heating rate of the 
formation, pB is formation bulk density, anc^herein the heating rate is less than about 
10°C/day. 

4470. The method of claim 4449, wh/rein three or more of the heat sources comprise 
electrical heaters. 

4471 . The method of claim 4449ywherein three or more of the heat sources comprise 
surface bumers. 

4472. The method of claim 44^9, wherein three or more of the heat sources comprise 
flameless distributed combustors. 

4473. The method of claim M449, wherein three or more of the heat sources comprise 
natural distributed combust©rs. 



4474. The method of claim 4449, ftirther comprising: 

allowing the heat to tranrfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyroiyzes at least 
some hydrocarbons witnin the selected section of the formation; and 



producing a mixture of 



luids from the formation. 
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4475. The method of claim 4474, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, whereiri6the pressure is 
controlled as a function of temperature, or the temperature is cfontroUed as a function of 
pressure. / 

4476. The method of claim 4474, further comprisingyontrolling the heat such that an 
average heating rate of the selected section is less than about 1 .0° C per day during 
pyrolysis. / 

4477. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected secti(m comprises transferring heat substantially 
by conduction. / 

4478. The method of claim 4474, whenfein providing heat from three or more of the heat 
sources to at least the portion of the fomiation comprises heating the selected section 
such that a thermal conductivity of at/least a portion of the selected section is greater than 
about 0.5 W/m °C. / 

4479. The method of claim 4474, wherein the produced mixture comprises an API 
gravity of at least 25°. / 

4480. The method of claim A474, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinAbout 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 

448 1 . The method of claim 22, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocaroons ranges from about 0.001 to about 0.15. 
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4482. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4483. The method of claim 4474, wherein the produced mixmre comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

4484. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

4485. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weighf to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenol^. 

4486. The method of claim 4474, v^erein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4487. The method of claim 4w4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4488. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. 
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4489. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4490. The method of claim 4474, wherein the produced mixtur^ comprises a non- 
condensable component, wherein the non-condensable compment comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volumo^of the non-condensable 
component, and wherein the hydrogen is less than about ^0 % by volume of the non- 
condensable component. 

4491 . The method of claim 4474, wherein the proyduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weightyof the produced mixture is ammonia. 

4492. The method of claim 4474, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce/fertilizer. 

4493. The method of claim 4474, furthey comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids/and H2, wherein a partial pressure of H2 within 
the mixture is greater than about 2.0 bar absolute. 

4494. The method of claim 4474, further comprising altering a pressure within the 
formation to inhibit production of l)ydrocarbons from the formation having carbon 
numbers greater than about 25. 

4495. The method of claim 44M, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



4496. The method of claim/4474, further comprising: 

providing hydrogen i(H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion ol the section with heat from hydrogenation. 
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4497. The method of claim 4474, further comprising: 
producing hydrogen from the formation; and ^ 
hydrogenating a portion of the produced condensable hydrcfcarbons with at least a 

portion of the produced hydrogen. / 

4498. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the focmation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4499. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section ^f the formation comprises substantially 
uniformly increasing a permeability of a majoi4ty of the selected section. 

4500. The method of claim 4474, further/comprising controlling the heat from three of 
more heat sources to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by the Fisdier Assay. 

450 1 . The method of claim 4474, wherein producing the mixture comprises producing 
the mixture in a production well, md wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

4502. The method of claim 4^4, ftirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangul^ pattern. 

4503. The method of cl; 
heat sources to at least a 
sources are located in thd 



4474, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
; formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4504. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: 

heating a section of the formation to a temperature sufficient to allow synthesis 
gas generation, wherein a permeability of the section is sul/stantially uniform and greater 
than a permeability of an unheated section of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fiuid to ^e section to generate synthesis gas; 

and 

removing synthesis gas from the formaticfti. 

4505. The method of claim 4504, wherein permeability of the section is greater than 
about 100 millidarcy when the temperature/sufficient to allow synthesis gas generation 
within the formation is achieved. 

4506. The method of claim 4504, whferein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4507. The method of claim 4504/ fiirther comprising heating the section when providing 
the synthesis gas generating fluic^ to inhibit temperature decrease in the section due to 
synthesis gas generation. 

4508. The method of claim 4504, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
oxidizing fluid, and reactii/g the oxidizing fluid with carbon in the section to generate 
heat within the section. 



4509. The method of claim 4508, wherein the oxidizing fluid comprises air. 
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45 10. The method of claim 4509, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 

45 1 1 . The method of claim 4504, wherein heating the section </bmprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbores within /he formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 

45 12. The method of claim 4504, wherein heating the/section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

45 1 3. The method of claim 4504, wherein heatinfg the section to a temperature sufficient 
to allow synthesis gas generation and providing/a synthesis gas generating fluid to the 
section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. / 

45 14. The method of claim 4504, further/comprising controlling the heating of the 
section and provision of the synthesis gasf generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 

4515. The method of claim 4504, fuccher comprising: 
monitoring a composition of me produced synthesis gas; and 

controlling heating of the section and provision of the synthesis gas generating 
fluid to maintain the composition of the produced synthesis gas within a selected range. 

4516. The method of claim 45 1 3, wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. / 
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45 1 7. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
liquid water. 



10 



45 1 8. The method of claim 4504, wherein the synthesis gas gene/ating fluid comprises 
steam. 

45 19. The method of claim 4504, wherein the synthesis gas^^enerating fluid comprises 
water and carbon dioxide, and wherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the sectio^ 

4520. The method of claim 45 1 9, wherein a portion if the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4521. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the ca/bon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



^ 20 



25 



4522. The method of claim 4521 , whereirya portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4523. The method of claim 4504, whdrein providing the synthesis gas generating fluid 
to the section comprises raising a wat^ table of the formation to allow water to flow into 
the section. 

4524. The method of claim 4504/ wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. 



30 
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4525. The method of claim 4524, wherein the substantially constant temperature is 
about 700 ^C, and wherein the selected composition has a H2 to CO ratio of about 2:1. 

4526. The method of claim 4504, wherein the synthesis gas generating/fluid comprises 
5 water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

portion of the hydrocarbons are subjected to a reaction within the selction to increase a H2 
concentration of the generated synthesis gas. / 

4527. The method of claim 4504, wherein the synthesis gas/^enerating fluid comprises 
10 water and hydrocarbons having carbon numbers greater tha&i 4, and wherein at least a 

portion of the hydrocarbons react within the section to increase an energy content of the 
synthesis gas removed from the formation. / 

4528. The method of claim 4504, further comprising maintaining a pressure within the 
15 formation during synthesis gas generation, and passing produced synthesis gas through a 

turbine to generate electricity. / 

4529. The method of claim 4504, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

20 / 

4530. The method of claim 4504, furmer comprising generating electricity from the 
synthesis gas using a fuel cell, separafmg carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

25 / 

453 1 . The method of claim 4504, further comprising using a portion of the synthesis gas 
as a combustion fuel to heat tMe formation. 

4532. The method of claim 4504, further comprising converting at least a portion of the 
30 produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 

process. / 

V 
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4533. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to methanol. /' 

5 4534. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. / 

4535. The method of claim 4504, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

10 / 

4536. The method of claim 4504, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whe/ein three or more of the heat 

% sources are located in the formation in a unit of heat /ources, and wherein the unit of heat 

W sources comprises a triangular pattern. / 

1^15 / 

S 4537. The method of claim 4504, further comnrising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

p sources are located in the formation in a unit of heat sources, wherein the unit of heat 

sources comprises a triangular pattem, and wherein a plurality of the units are repeated 

^ 20 over an area of the formation to form a reppitive pattem of units. 

4538. A method of treating a hydrocarhon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 
25 allov^ng the heat to transfer firom the one or more heat sources to substantially 

uniformly increase a permeability oi the portion and to increase a temperature of the 

portion to a temperature sufficient lo allow synthesis gas generation; 

providing a synthesis gas generating fluid to at least the portion of the selected 

section, wherein the synthesis gas generating fluid comprises carbon dioxide; 
30 obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 

from the formation; and 
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producing synthesis gas from the formation. 

4539. The method of claim 4538, wherein the temperature sufficient to aflow synthesis 
gas generation is within a range from about 400 °C to about 1200 °C. / 

4540. The method of claim 4538, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent to produce hydro^bon bed methane from a 
hydrocarbon containing formation. / 

4541 . The method of claim 4540, wherein the hydrocaroon containing formation is a 
deep hydrocarbon containing formation over 760 m below ground surface. 

4542. The method of claim 4540, wherein the hydrocarbon containing formation 
adsorbs some of the carbon dioxide to sequester me carbon dioxide. 

4543. The method of claim 4538, fiuther comprising using a second portion of the 
separated carbon dioxide as a flooding agenr for enhanced oil recovery. 

4544. The method of claim 4538, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo ar reaction within the selected section to increase a 
Hi concentration within the produced synthesis gas. 

4545. The method of claim 4538/wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 

4546. The method of claim/4538, fiirther comprising maintaining a pressure within the 
formation during synthesis eas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 
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4547. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

5 4548. The method of claim 4538, further comprising generating^e^ectricity from the 

synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a ^ent portion of the 
formation. 

10 4549. The method of claim 4538, further comprising us^ng a portion of the synthesis gas 
as a combustion fuel for heating the formation. 



y3 



15 



4550. The method of claim 4538, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbqns using a Fischer-Tropsch synthesis 
process. 



^ 455 1 . The method of claim 4538, further co^nprising converting at least a portion of the 

0 produced synthesis gas to methanol. 

1 y 

20 4552. The method of claim 4538, furthe/ comprising converting at least a portion of the 

P 

produced synthesis gas to gasoline. 

4553. The method of claim 4538, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



25 



4554. The method of claim 453 w, v^herein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 
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4555. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 

4556. The method of claim 4538, wherein a temperature of th^ne or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxide of approximafely 2. 

4557. The method of claim 4538, wherein a heat so>u:ce of the one or more of heat 
sources comprises an electrical heater. 

4558. The method of claim 4538, wherein a h/at source of the one or more heat sources 
comprises a natural distributor heater. 

4559. The method of claim 4538, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustfor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC ^eater through a conduit positioned within the 
wellbore. 

4560. The method of claim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatidn in a unit of heat sources, and wherein the imit of heat 
sources comprises a triangular partem. 

4561 . The method of claim 41)38, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fonnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangmar pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4562. A method of in sim synthesis gas production, comprising: 
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providing heat from one or more flameless distributed combustor heaters to at 
least a first portion of a carbon containing formation; / 

allowing the heat to transfer from the one or more heatei^ to a selected section of 
the formation such that the heat from the one or more heater/ substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
section to a temperature sufficient to generate synthesis/gas; 

introducing a synthesis gas producing fluid in^ the selected section to generate 
synthesis gas; and 

removing synthesis gas from the formation 

4563. The method of claim 4562, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficie^x to generate synthesis gas. 

4564. The method of claim 4562, fur^er comprising producing the synthesis gas from 
the formation under pressure, and genbrating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4565. The method of claim 4562/fiirther comprising producing pyrolyzation products 
from the formation when raising tne temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 

4566. The method of claim 4562, further comprising separating a portion of carbon 
dioxide from the removed syijthesis gas, and storing the carbon dioxide within a spent 
portion of the formation. 



4567. The method of claim 4562, fiirther comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthe^s gas. 
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4568. The method of claim 4562, further comprising separating a portion of H2 from the 
removed synthesis gas; and using a portion of the separated H2 as fuel for the one or more 
heaters. 

4569. The method of claim 4568, further comprising using a licprtion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 

4570. The method of claim 4562, further comprising u^ng a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

4571. The method of claim 4570, v^herein the fuel cell produces steam, and v^herein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4572. The method of claim 4570, wherein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide is imroduced into the foraiation to react with 
carbon within the formation to produce caroon monoxide. 

4573. The method of claim 4570, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of the carbon didxide produced by the fliel cell. 

4574. The method of claim 4562, mrther comprising using a portion of the removed 
synthesis gas as a feed product for^ormation of hydrocarbons. 

4575. The method of claim 456^, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within the generated synthesis gas. 



4576. The method of claim 4562, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4577. The method of claim 4562, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality or the units are repeated 
over an area of the formation to form a repetitive pattem of i«uts. 



4578. A method of treating a hydrocarbon containing fohnation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 

temperature sufficient to pyrolyze hydrocarbons witmn the portion; 
producing pyrolyzation fluid from the forn^ation; 
separating a fuel cell feed stream from the pyrolyzation fluid; and 
directing the fuel cell feed stream to a rael cell to produce electricity; 



4579. The method of claim 4578, wherein^ fiiel cell is a molten carbonate fuel cell. 

4580. The method of claim 4578, wherdn the fuel cell is a solid oxide fuel cell. 

458 1 . The method of claim 4578, fulther comprising using a portion of the produced 
electricity to power the electrical heaters. 

4582. The method of claim 4578( wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 



4583. The method of claim 4578, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 5. 
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4584. The method of claim 4578, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. 



4585. The method of claim 4578, further comprising hydr9genating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4586. The method of claim 4578, wherein the hydr9^enation is done in situ by directing 
the H2 into the formation. 

4587. The method of claim 4578, wherein thelaydrogenation is done in a surface unit. 

4588. The method of claim 4578, further comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to produce \^2, and producing a portion of the hydrogen from 
the formation. 

4589. The method of claim 4588, fmther comprising directing an oxidizing fluid 
adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4590. The method of claim 457^, further comprising storing CO2 from the fuel cell 
within the formation. 

4591. The method of claim 4590, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formatjfon. 



4592. The method of clair^ 4578, further comprising cooling the portion to form a spent 
portion of formation. 



4593. The method of claim 
water into the portion to p '< 



4592, wherein cooling the portion comprises introducing 
oduce steam, and removing steam from the formation. 
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4594. The method of claim 4593, further comprising using a portion of the removed 
steam to heat a second portion of the formation. n 

4595. The method of claim 4593, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

4596. The method of claim 4578, further comprising: / 

heating the portion to a temperature sufficient to support generation of synthesis 
gas after production of the pyrolyzation fluids; / 

introducing a synthesis gas producing fluid into the portion to generate synthesis 
gas; and / 

removing a portion of the synthesis gas from the formation. 

4597. The method of claim 4596, further comprising producing the synthesis gas from 
the formation under pressure, and generating/electricity from the produced synthesis gas 
by passing the produced synthesis gas throiJgh a turbine. 

4598. The method of claim 4596, further comprising using a first portion of the removed 
synthesis gas as fiiel cell feed. 

4599. The method of claim 4596 J 
the fuel cell, and using the steam as 

4600. The method of claim 4596/ further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 

4601 . The method of claim 4566, fiirther comprising using a portion of the synthesis gas 
to produce hydrocarbon produot. 



ther comprising producing steam from operation of 
part of the synthesis gas producing fluid. 



\ 
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4602. The method of claim 4596, further comprising cooling the portion to form a spent 
portion of formation. 

4603. The method of claim 4602, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the/formation. 

4604. The method of claim 4603, further comprising using a portion of the removed 
steam to heat a second portion of the formation. / 

4605. The method of claim 4603, further comprising using /portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

4606. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat^ources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4607. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit yof heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4608. A method for in sitti production of synthesis gas from a hydrocarbon containing 
formation, comprising: / 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the/heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 
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heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid to at least the portion of theyiselected 
section to generate synthesis gas; and / 

producing a portion of the synthesis gas from the formation. / 

4609. The method of claim 4608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selectra section of the 
formation. / 

461 0. The method of claim 4608, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section tc/ substantially uniformly increase a 
permeability of the selected section. / 

461 1 . The method of claim 4608, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4612. The method of claim 4608, furtner comprising heating at least the portion of the 
selected section when providing the /ynthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4613. The method of claim 4608, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4614. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellboyes, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of carbon-containing material within 

the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion/ 
allowing the oxidizing fluid to react with at least a portion of the ca/bon- 

containing material within the zones to produce heat in the zones; and / 
transferring heat from the zones to the selected section. / 

4615. The method of claim 4608, wherein heating at least the jvfrtion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially be convection into the portion of the 
selected section, wherein the portion of the selected secpon is at a temperature sufficient 
to support an oxidization reaction with the oxidizing miid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. / 

4616. The method of claim 4608, wherein th^^ one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4617. The method of claim 4608, wherem one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and fixrther comprising hfeating the conduit by flowing a hot fluid through 
the conduit. / 

4618. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient Ao allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portipn. 

46 1 9. The method of claim 
the portion of selected sectio] 



J, further comprising controlling the heating of at least 
and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4620. The method of claim 4608, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of at least the portion of selected section and/provision of the 
synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. / 

4621 . The method of claim 4608, wherein the synthesis gas ^nerating fluid comprises 
liquid water. / 

4622. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
steam. / 

4623. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 

4624. The method of claim 4623, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises cpbon dioxide removed from the formation. 

4625. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion/of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoMde. 

4626. The method of claim 4623, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4627. The method of claim 4608, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4628. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at le^t the portion of the 
selected section to increase a H2 concentration within the product synthesis gas. 

4629. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater man 4, and wherein at least a 
portion of the hydrocarbons react within at least the ponion of the selected section to 
increase an energy content of the produced synthesis^as. 

4630. The method of claim 4608, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

463 1 . The method of claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4632. The method of claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4633. The method of claim 4608/ further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 
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4634. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4635. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4636. The method of claim 4608, further comprising converting at least a/i)ortion of the 
produced synthesis gas to gasoline. / 

4637. The method of claim 4608, further comprising converting al/least a portion of the 
synthesis gas to methane using a catalytic methanation process. / 

4638. The method of claim 4608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein i!nree or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4639. The method of claim 4608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation,Avherein three or more of the heat 
sources are located in the formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetixive pattern of units. 

4640. A method for in situ production oy synthesis gas from a hydrocarbon containing 
formation, comprising: / 

heating a first portion of the fomiation to pyrolyze some hydrocarbons within the 
first portion; / 

allowing the heat to transfer Arom one or more heat sources to a selected section 
of the formation, / 

pyrolyzing hydrocarbons within the selected section; 
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producing fluid from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of the formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing at least a portion of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4641 . The method of claim 4640, wherein the temperature sufficienyto allow synthesis 
gas generation ranges from approximately 400 °C to approximately/1200 °C. 

4642. The method of claim 4640, fiirther comprising separating ammonia within the 
aqueous phase from the aqueous phase prior to introduction /fat least the portion of the 
aqueous fluid to the second section. / 

4643. The method of claim 4640, wherein a permeayUity of the second portion of the 
formation is substantially uniform and greater than^bout 100 millidarcy when the 
temperature sufficient to allow synthesis gas generation is achieved. 

4644. The method of claim 4640, fiirther comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in tMe second section due to synthesis gas 
generation. / 

4645. The method of claim 4640, whetein heating the second portion of the formation 
comprises convecting an oxidizing flind into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the portion to generate 
heat within the portion. / 
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4646. The method of claim 4640, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the reaction zones to generate heat, and transferring 
the heat to the second portion. 

4647. The method of claim 4640, wherein heating the second portion of tke formation 
comprises heating the second section by transfer of heat from one or mote electrical 
heaters, / 

4648. The method of claim 4640, wherein heating the second^rtion of the formation 
comprises heating the second section with a flameless distributor combustor. 

4649. The method of claim 4640, wherein heating the ^cond portion of the formation 
comprises injecting steam into at least the portion of me formation. 

4650. The method of claim 4640, wherein at least a portion of the aqueous fluid 
comprises a liquid phase. / 

465 1 . The method of claim 4640, wherein/he aqueous fluid comprises a vapor phase. 

4652. The method of claim 4640, furthssr comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. / 

4653. The method of claim 4652/ wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4654. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas. 
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4655. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. 



4656. The method of claim 4640, further comprising adding hydijocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energ)j/content of the produced 
synthesis gas. 



4657. The method of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtsuned from the produced fluid. 

4658. The method of claim 4640, further cpmprising maintaining a pressure within the 
formation during synthesis gas generatiorj/ and passing produced synthesis gas through a 
turbine to generate electricity. 

4659. The method of claim 4640, :^her comprising generating electricity from the 
synthesis gas using a fuel cell. 

4660. The method of claim 46^f0, further comprising generating electricity from the 
synthesis gas using a fuel cell,«eparating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the s^arated carbon dioxide within a spent portion of the 
formation. 

4661. The method of claim 4640, further comprising using a portion of the synthesis gas 
as a combustion fuel for tne one or more heat sources. 



4662. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas t^ condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 
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4663. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to methanol. / 



4664. The method of claim 4640, further comprising con^rting at least a portion of the 
produced synthesis gas to gasoline. 

4665. The method of claim 4640, further comprisii^f^ converting at least a portion of the 
synthesis gas to methane using a catalytic methan^tion process. 

4666. The method of claim 4640, further coriiprising providing heat from three or more 
heat sources to at least a portion of the fomiation, wherein three or more of the heat 
sources are located in the formation in a lyiit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4667. The method of claim 4640, father comprising providing heat from three or more 
heat sources to at least a portion of tMe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to mrm a repetitive pattern of units. 

4668. A method for in situ pr(/duction of synthesis gas from a carbon containing 
formation, comprising: 

heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability within a portion of the formation and to 
raise a temperature within pe portion to a temperature sufficient to allow synthesis gas 
generation; 

providing a synthbsis gas generating fluid into the portion through at least one 
injection wellbore to generate synthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and 
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producing synthesis gas from at least one heat source wellbore in which is 
positioned proximate to a heat source of the one or more heat sources. 



4669. The method of claim 4668, wherein the temperature sufficienyto allow synthesis 
gas generation is within a range from about 400° C to about 1200 

4670. The method of claim 4668, wherein creating a substantially uniform permeability 
comprises heating the portion to a temperature within a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and re/noving a portion of pyrolyzed 
fluid from the formation. 

4671 . The method of claim 4668, further comprising removing fluid from the formation 
through at least the one injection wellbore prioryro heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 

4672. The method of claim 4668, wherein the injection wellbore comprises a wellbore 
of a heat source in which is positioned a ^eat source of the one or more heat sources. 

4673. The method of claim 4668, fur^er comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 

4674. The method of claim 4668( further comprising providing a portion of the heat 
needed to raise the temperature srufficient to allow synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. 



4675. The method of claiin 4668, further comprising controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
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temperature within the selected section above the temperature sufficient to generate 
synthesis gas. 

4676. The method of claim 4668, further comprising: 

monitoring a composition of the produced synthesis gas; and / 
controlling heating of the selected section and provision of tfje synthesis gas 

generating fluid to maintain the composition of the produced swmesis gas within a 

desired range. / 

4677. The method of claim 4668, wherein the synthes^gas generating fluid comprises 
liquid water. / 

4678. The method of claim 4668, wherein the ^nthesis gas generating fluid comprises 
steam. / 

4679. The method of claim 4668, whereinyihe synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthesis gas. 

4680. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein ther carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 

4681 . The method of claim 4680/ wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4682. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbop monoxide. 

4683. The method of cl; 
carbon dioxide removed 



im 4682, wherein a portion of the carbon dioxide comprises 
irom the formation. 
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4684. The method of claim 4668, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to allow water to 
enter the selected section. / 

4685. The method of claim 4668, wherein the synthesis gas g^erating fluid comprises 
water and hydrocarbons having carbon numbers less than 5/and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. / 

4686. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numb^s greater than 4, and wherein at least a 
portion of the hydrocarbons react within theyselected section to increase an energy 
content of the produced synthesis gas. / 

4687. The method of claim 4668, furtner comprising maintaining a pressure within the 
formation during synthesis gas generafion, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4688. The method of claim 4668/ further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4689. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel ceU, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. / 

4690. The method of daim 4668, further comprising using a portion of the synthesis gas 
as a combustion fuel fdr heating the formation. 
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4691. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. / 

5 4692. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to methanol. / 

4693. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. / 

10 / 

4694. The method of claim 4668, furthe/ comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

B 4695. The method of claim 4668, wMerein a temperature of at least the one heat source 

15 wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
^ synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

^ / 

p 4696. The method of claim 4668, vs^herein a temperature of at least the one heat source 

3^ v^ellbore is maintained at a teniperature of greater than approximately 700 °C to produce 

==^20 a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 

O / 

4697. The method of claimf 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at ^temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 ta carbon monoxide of approximately 2. 

25 / 

4698. The method of cpim 4668, wherein a heat source of the one or more heat sources 
comprises an electrical neater. 

4699. The method or claim 4668, wherein a heat source of the one or more heat sources 
30 comprises a natural distributor heater. 
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4700. The method of claim 4668, wherein a heat source of the pne or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. / 

470 1 . The method of claim 4668, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein ihree or more of the heat 
sources are located in the formation in a unit of heat souroes, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4702. The method of claim 4668, further comprisin^providing heat from three or more 
heat sources to at least a portion of the formation, wnerein three or more of the heat 
sources are located in the formation in a unit of heaf sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive/pattern of units. 

4703. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heatArom the one or more heat sources pyroiyzes at 
least a portion of the carbon containing mfaterial within the selected section of the 
formation; / 

producing pyrolysis products from the formation; 

heating a first portion of a forrnation with one or more heat sources to a 
temperature sufficient to allow generation of synthesis gas; 

providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; / 

removing a portion of the first synthesis gas from the formation; 
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heating a second portion of a formation with one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having a H2 to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; 7 

providing a second synthesis gas generating component to the second portion to 

// 

generate a second synthesis gas; / 

removing a portion of the second synthesis gafe from the formation; and 
blending a portion of the first synthesis ga&Avith a portion of the second synthesis 

gas to produce a blended synthesis gas having a /elected H2 to CO ratio. 

4704. The method of claim 4703, wherein the one or more heat sources comprise at 
least two heat sources, and wherein supernosition of heat from at least the two heat 
sources pyrolyzes at least some hydrocaroons Mithin the selected section of the 
formation. / 

4705. The method of claim 4703, wherein the first synthesis gas generating fluid and 
second synthesis gas generating flmd are the same component. 

4706. The method of claim 47(f3, further comprising controlling the temperature in the 
first portion to control a compdsition of the first synthesis gas. 

4707. The method of clair 
second portion to control a 

4708. The method of clajfm 4703, wherein the selected ratio is controlled to be 
approximately 2:1 H2to uO. 

4709. The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to ^proximately 2.2:1 H2to CO. 

4710. The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 3:1 H2t() CO. 



^4703, further comprising controlling the temperature in the 
Composition of the second synthesis gas. 
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471 1 . The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 2.8: 1 to approximately 3.2: 1 H2 to CO. 



4712. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarb«(n synthesis process to 
produce condensable hydrocarbons. / 

Ij 

4713. The method of claim 4712, wherein the condepable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. I 



4714. The method of claim 4713, further comnfising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

471 5. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a catamic methanation process to produce methane. 

4716. The method of claim 4703, funher comprising providing at least a portion of the 
produced blended synthesis gas to ^methanol-synthesis process to produce methanol. 

4717. The method of claim 470i, further comprising providing at least a portion of the 
produced blended synthesis gasrto a gasoline-synthesis process to produce gasoline. 

471 8. The method of claim 4703, wherein removing a portion of the second synthesis 
gas comprises withdrawing ^cond synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H2 to CO ratio greater the first synthesis gas. 

471 9. The method of claim 4703, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature of the first portion is at a temperature that 
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will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. ' 



4720. The method of claim 4703, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbe^e^ than 5, and wherein at 
least a portion of the hydrocarbons react within the formpion to increase a H2 
concentration within the produced second synthesis ga 



4721. The method of claim 4703, wherein blending a portion of the first synthesis gas 
10 with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H2 to CO mixture of less than the selected ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce an amounyof CO and increase an amount of H2 to 
produce the selected ratio of H2 to CO. 

15 4722. The method of claim 4703, furtheycomprising removing an excess of first 

synthesis gas from the first portion to h^e an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an amount of CO and increase an amount of H2 before 
blending the first synthesis gas with tlie second synthesis gas. 

20 4723. The method of claim 4703, further comprising removing the first synthesis gas 
from the formation under pressur^, and passing removed first synthesis gas through a 
turbine to generate electricity. 

4724. The method of claim 4703, fiirther comprising removing the second synthesis gas 
25 from the formation under pre^ure, and passing removed second synthesis gas through a 
turbine to generate electricity/ 



30 



4725. The method of claim 4703, fiirther comprising generating electricity from the 
blended synthesis gas using a fuel cell. 
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4726. The method of claim 4703, further comprising generating electricity from the 

blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 

/■ 

fuel cell, and storing a portion of the separated carbon dioxide within a spent portion of 
the formation. 

4727. The method of claim 4703, fiirther comprisingyusing at least a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 

4728. The method of claim 4703, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4729. The method of claim 4703, fiirther>comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 1 00 millidarcy. 

4730. The method of claim 4703, farther comprising heating at least the portion of the 
selected section when providing th^ synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

473 1 . The method of claim 4703, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 "^C. 



4732. The method of claim 4703, wherein heating the first a portion of the selected 
section to a temperature sylfFicient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures Efficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zone^; and 
transferring heat from the zones to the selected section. / 



4733. The method of claim 4703, wherein heating the sefcond portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are cionfigured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react M^ith at least a portion of the carbon- 
containing material within the zones to prc/duce heat in the zones; and 
transferring heat from the zones to the selected section. 

4734. The method of claim 4703, wherein heating the first portion of the selected 
section to a temperature sufficient trf allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the first portion 
of the selected section, whereiiy the first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 

4735. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the second 
portion of the selected section, wherein the second portion of the selected section is at a 
temperature sufficient 1o support an oxidization reaction with the oxidizing fluid; and 




V 
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reacting the oxidizing fluid within the second portion of the selected section to 
generate heat and raise the temperature of the second portion. 



4736. The method of claim 4703, wherein the one or more heat sources comprise one or 
5 more electrical heaters disposed in the formation. 

4737. The method of claim 4703, wherein the one or more heaty^ources comprises one 
or more natural distributor combustors. 

10 4738. The method of claim 4703, wherein the one or more/keat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the condvyx by flowing a hot fluid through 
the conduit. 

M= 15 4739. The method of claim 4703, wherein heating^the first portion of the selected 
Q section to a temperature sufficient to allow synthpis gas generation and providing a first 

synthesis gas generating fluid to the first portiojl of the selected section comprises 
p introducing steam into the first portion. 

J' 20 4740. The method of claim 4703, whereii/ heating the second portion of the selected 
p: section to a temperature sufficient to allow synthesis gas generation and providing a 

second synthesis gas generating fluid ta the second portion of the selected section 

comprises introducing steam into the second portion. 

25 4741 . The method of claim 4703 /further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within me first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



30 4742. The method of claimf 4703, fiirther comprising controlling the heating of the 

second portion of selected section and provision of the second synthesis gas generating 



V 
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fluid to maintain a temperature within the second portion of the selected section above 
the temperature sufficient to generate synthesis gas. / 

4743. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises liquid water. / 

4744. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises liquid water. / 

4745. The method of claim 4703, wherein the^first synthesis gas generating fluid 
comprises steam. / 

4746. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises steam. / 

4747. The method of claim 4703, wMerein the first synthesis gas generating fluid 
comprises water and carbon dioxide( wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected ssfction. 

4748. The method of claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4749. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide fi:om the selected section. 

4750. The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

95 1 Conley, Rose & Tayon, P. 

I 



4751 . The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. / 

4752. The method of claim 475 1 , wherein a portion of the Mrbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxicle removed from the 
formation. / 

4753. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion omhe carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. / 

4754. The method of claim 4753, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4755. The method of claim 4703, whe/ein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 

4756. The method of claim 4703/ wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow water to flowfinto the second portion of the selected section. 

4757. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarpons are subjected to a reaction within the first portion of 
the selected section to increase a H2 concentration within the produced first synthesis gas. 

4758. The method of claim 14703, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H2 concentration within the produ^d second 
synthesis gas. 

4759. The method of claim 4703, wherein the first synthesis ga^ generating fluid 
comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis eas. 

4760. The method of claim 4703, wherein the second^ synthesis gas generating fluid 
comprises water and hydrocarbons having carbon nmnbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at/east the second portion of the selected 
section to increase an energy content of the secmd produced synthesis gas. 

4761 . The method of claim 4703, further comprising maintaining a pressure within the 
formation during synthesis gas generation,yand passing produced blended synthesis gas 
through a turbine to generate electricity. 

4762. The method of claim 4703, fuyther comprising generating electricity from the 
blended synthesis gas using a fuel ce/ll. 

4763. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion/)f the separated carbon dioxide within a spent section of 
the formation. 

4764. The method of claini 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 



4765. The method of claim 4703, further comprising using a portion of the first 
synthesis gas as a combustion fuel for the one or more heat sources. 
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4766. The method of claim 4703, further comprising using a portio^ of the second 
synthesis gas as a combustion fuel for the one or more heat sources./' 



4767. The method of claim 4703, further comprising using a/portion of the blended 
synthesis gas as a combustion fuel for the one or more heat .Sources. 

4768. A method of treating a hydrocarbon containing iormation in situ, comprising: 
providing heat from one or more heat source^ao at least a portion of the 

formation; 

allowing the heat to transfer from the one/br more heat sources to a selected 
section of the formation such that the heat fironj the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from me formation; 

heating at least a portion of the sheeted section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of al/least a portion of the selected section to generate 
synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas/ and 

producing a portion of the synthesis gas from the formation. 

4769. The method of claim A768, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least spme hydrocarbons within the selected section of the 
formation. 



4770. The method of cl; 



approximately 2:1 H2to ('O 



m 4768, wherein the selected ratio is controlled to be 
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4771 . The method of claim 4768, wherein the selected ratio is controlled to range from 

approximately 1.8:1 to approximately 2.2:1 H2to CO. ^ 

/• 

4772. The method of claim 4768, wherein the selected ratio isyControUed to be 
approximately 3:1 H2to CO. 

4773. The method of claim 4768, wherein the selected j?atio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. 

4774. The method of claim 4768, further compri^g providing at least a portion of the 
produced synthesis gas to a condensable hydroc^bon synthesis process to produce 
condensable hydrocarbons. 

4775. The method of claim 4774, whereii/ the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

4776. The method of claim 4775, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4777. The method of claim 47©8, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4778. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas t(y a methanol-synthesis process to produce methanol. 

4779. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4780. The method iof claim 4768, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 



955 



Conley, Rose & Tayon, P.C. 



478 1 . The method of claim 4768, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

5 / 

4782. The method of claim 4768, further comprising heatmg at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

10 4783. The method of claim 4768, wherein the termerature sufficient to allow synthesis 
gas generation is within a range from approxima;fely 400 °C to approximately 1200 °C. 

4784. The method of claim 4768, wherein h(eating at least the portion of the selected 
section to a temperature sufficient to allovysynthesis gas generation comprises: 

15 heating zones adjacent to wellbores of one or more heat sources with heaters 

disposed in the wellbores, wherein the neaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

20 allowing the oxidizing flidid to react with at least a portion of the carbon- 

containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4785. The method of claim 4768, wherein heating at least the portion of the selected 
25 section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidi2^ng fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherelin the portion of the selected section is at a temperature sufficient 
to support an oxidizat/on reaction with the oxidizing fluid; and 
30 reacting the oxidizing fluid within the portion of the selected section to generate 

heat and raise the temperature of the portion. 
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4786. The method of claim 4768, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. J 

4787. The method of claim 4768, wherein the one or more heat sources comprises one 
or more natural distributor combustors. / 

4788. The method of claim 4768, wherein the one or moro4ieat sources comprise one or 
more heater wells, wherein at least one heater well compulses a conduit disposed within 
the formation, and further comprising heating the concmit by flowing a hot fluid through 
the conduit. / 

4789. The method of claim 4768, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow syrahesis gas generation and providing a 
synthesis gas generating fluid to at least the r^rtion of the selected section comprises 
introducing steam into the portion. / 

4790. The method of claim 4768, furtlier comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at lea/t the portion of the selected section above the 
temperature sufficient to generate s/ynthesis gas. 

4791 . The method of claim 47a8, wherein the synthesis gas generating fluid comprises 
liquid water. / 

4792. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
steam, / 

4793. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 
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4794. The method of claim 4793, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed/n'om the formation. 

4795. The method of claim 4768, wherein the synthesis ga/ generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



10 



4796. The method of claim 4795, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon cuoxide removed from the formation. 



U 15 



O 
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4797. The method of claim 4768, wherein pmviding the synthesis gas generating fluid 
to at least the portion of the selected sectionycomprises raising a water table of the 
formation to allow water to flow into the a/ least the portion of the selected section. 

4798. The method of claim 4768, whe/ein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4799. The method of claim 47^8, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons rpct within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4800. The method of claim 4768, further comprising maintaining a pressure within the 



formation during synthesis 



gas generation, and passing produced synthesis gas through a 



turbine to generate electric ity 



4801. The method of clai n 4768, further comprising generating electricity from the 



synthesis gas using a fuel c|^ll. 



958 



Conley, Rose & Tayon, P C. 



4802. The method of claim 4768, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from/a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within ^ spent section of the 
formation. 

4803. The method of claim 4768, further comprising y^ing a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources^ 

4804. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat so]«*ces to at least a portion of the 

formation; 

allowing the heat to transfer from tho^one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within ths selected section of the formation; 

producing pyrolysis products frc/m the formation; 

heating at least a portion of th^r selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature in^ or proximate to a synthesis gas production well to 
generate synthesis gas having a sheeted H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 

4805. The method of claim 4804, wherein the one or more heat sources comprise at 
least two heat sources, and/wherein superposition of heat from at least the two heat 
sources pyrolyzes at least jsome hydrocarbons within the selected section of the 
formation. 



4806. The method of clum 4804, wherein the selected ratio is controlled to be 
approximately 2:1 H2to CO. 
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4807. The method of claim 4804, wherein the selected ratio ii^^ontrolled to range from 
approximately 1.8:1 to approximately 2.2:1 Hato CO. 

5 4808. The method of claim 4804, wherein the selected/ratio is controlled to be 
approximately 3:1 H2to CO. 

4809. The method of claim 4804, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 CO. 

10 

4810. The method of claim 4804, fiirther cc/mprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

,J condensable hydrocarbons. 

H 15 48 1 1 . The method of claim 48 1 0, wherein the condensable hydrocarbon synthesis 
fi process comprises a Fischer-Tropschr process. 
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4812. The method of claim 48 1 1/ further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4813. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 
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48 14. The method of claim/4804, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 



48 1 5. The method of claim 4804, fiirther comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4816. The method of claim 4804, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to sub^antially uniformly increase a 
permeability of the selected section. 

481 7. The method of claim 4804, further comprising/controlling heat transfer from the 
one or more heat sources to produce a permeability yvithin the selected section of greater 
than about 100 millidarcy. 

4818. The method of claim 4804, further comprising heating at least the portion of the 
selected section when providing the synthesis ^as generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4819. The method of claim 4804, wherem the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4820. The method of claim 4804, wnerein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherem the heaters are configured to raise temperatures of the 
zones to temperatures sufficientAo support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zjones to the selected section. 



4821 . The method of claim 4804, wherein heating at least the portion of the selected 



section to a temperature 



introducing an oxidizing fluid into the formation through a wellbore; 



fficient to allow synthesis gas generation comprises: 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; andM 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4822. The method of claim 4804, wherein the one or moreyiieat sources comprise one or 
more electrical heaters disposed in the formation. 

4823. The method of claim 4804, wherein the one or r^ore heat sources comprises one 
or more natural distributor combustors. 

4824. The method of claim 4804, wherein the one dr more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the jtonduit by flowing a hot fluid through 
the conduit. 

4825. The method of claim 4804, wherein hewing at least the portion of the selected 
section to a temperature sufficient to allow symhesis gas generation and providing a 
synthesis gas generating fluid to at least the pprtion of the selected section comprises 
introducing steam into the portion. 

4826. The method of claim 4804, further/comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate syntMesis gas. 



4827. The method of claim 4804, v^erein the synthesis gas generating fluid comprises 
liquid water. 
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4828. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
steam. 

4829. The method of claim 4804, wherein the synthesis gas gdierating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits/production of carbon 
dioxide from the selected section. / 

4830. The method of claim 4829, wherein a portion of me carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

483 1 . The method of claim 4804, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

4832. The method of claim 483 1, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4833. The method of claim 4804, whecein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into /the at least the portion of the selected section. 

4834. The method of claim 4804,^vherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a Hi concentration within the produced synthesis gas. 

4835. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons /react wdthin at least the portion of the selected section to 
increase an energy content ©f the produced synthesis gas. 
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4836. The method of claim 4804, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. n 

4837. The method of claim 4804, further comprising generatins/electricity from the 
synthesis gas using a fuel cell. / 

4838. The method of claim 4804, further comprising genemting electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide wimin a spent section of the 
formation. / 

4839. The method of claim 4804, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat soiurces. 

4840. A method of treating a hydrocarbon ctf5ntaining formation in situ, comprising: 
providing heat from one or more hep sources to at least a portion of the 

formation; / 

allowing the heat to transfer fromr the one or more heat sources to a selected 
section of the formation such that the hpat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis product^from the formation; 

heating at least a portion of ihe selected section to a temperature sufficient to 
generate synthesis gas; / 

controlling a temperature Jof at least a portion of the selected section to generate 
synthesis gas having a H2 to COA-atio different than a selected H2 to CO ratio; 

providing a synthesis gdk generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation; 

providing at least a por tion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 

I 
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separating at least a portion of the carbon dioxide to obtain a gas having a selected 
H2 to CO ratio. ^ 

4841 . The method of claim 4840, wherein the one or more hem sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the sjslected section of the 
formation. / 

4842. The method of claim 4840, wherein the selected ratio is controlled to be 
approximately 2: 1 H2 to CO. j 

4843. The method of claim 
approximately 1.8:1 to 2.2:1 

4844. The method of claim 4840, wherein Aie selected ratio is controlled to be 
approximately 3 : 1 H2 to CO. / 

4845. The method of claim 
approximately 2.8:1 to 3.2:1 

4846. The method of claim 4840, 
produced synthesis gas to a conder 
condensable hydrocarbons. / 

4847. The method of claim 4846, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer- yropsch process. 

4848. The method of claii 
condensable hydrocarbons 



4840, wherein the selected ratio is controlled to range from 
H2toCO. / 



4840, whe/ein the selected ratio is controlled to range from 
H2to CO/ 



ler comprising providing at least a portion of the 
sable hydrocarbon synthesis process to produce 



[4847, fiirther comprising cracking at least a portion of the 
form middle distillates. 
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4849. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 



4850. The method of claim 4840, further comprising providing ameast a portion of the 
produced synthesis gas to a methanol-synthesis process to producfe methanol. 

485 1 . The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4852. The method of claim 4840, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section X(j substantially uniformly increase a 
permeability of the selected section. 

4853. The method of claim 4840, further com^sing controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4854. The method of claim 4840, furthe/ comprising heating at least the portion of the 
selected section when providing the syimiesis gas generating fluid to inhibit temperature 
decrease within the selected section dimng synthesis gas generation. 

4855. The method of claim 4840, merein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4856. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent Ao wellbores of one or more heat sources with heaters 
disposed in the wellbores, whferein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing/fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 



V 
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allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zon^; and 
transferring heat from the zones to the selected section. 



10 



4857. The method of claim 4840, wherein heating at le^st the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selec/ed section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within th/ portion of the selected section to generate 
heat and raise the temperature of the portio/ 
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4858. The method of claim 4840, whefein the one or more heat sources comprise one or 
more electrical heaters disposed in thf formation. 



Ul 
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4859. The method of claim 4840/wherein the one or more heat sources comprises one 
or more natural distributor combvlstors. 

4860. The method of claim 4840, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 
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4861 . The method of clajm 4840, wherein heating at least the portion of the selected 
section to a temperature stifficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



4862. The method of c 
the portion of selected 



aim 4840, further comprising controlling the heating of at least 
section and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4863. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
liquid water. / 

4864. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
steam. / 

4865. The method of claim 4840, wherein the s/nthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 

4866. The method of claim 4865, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed fi:om the formation. 

4867. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4868. The method of claim 486^, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4869. The method of claim 4840, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to mow into the at least the portion of the selected section. 

4870. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 
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4871 . The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion ofme selected section to 
increase an energy content of the produced synthesis gas. 
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4872. The method of claim 4840, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passi/g produced synthesis gas through a 
turbine to generate electricity. 

4873. The method of claim 4840, further coryjprising generating electricity from the 
synthesis gas using a fuel cell. 



m 
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o 

01 



4874. The method of claim 4840, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separatedycarbon dioxide within a spent section of the 
formation. 



nl 
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4875. The method of claim 484j6, further comprising using a portion of the synthesis gas 
as a combustion fiiel for the one or more heat sources. 

4876. A method of forming/a spent portion of formation within a hydrocarbon 
containing formation, comprising: 

heating a first portion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a ^bstantially uniform permeability within the first portion; and 
cooling the first portion. 



30 



4877. The method of cl^im 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 
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4878. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more natural distributor combustors. 

4879. The method of claim 4876, wherein heating the firstyportion comprises 
transferring heat to the first portion from one or more flan^less distributor combustors. 

4880. The method of claim 4876, wherein heating tke first portion comprises 
transferring heat to the first portion from heat transler fluid flowing within one or more 
wellbores within the formation. / 

488 1 . The method of claim 4880, wherein thfe heat transfer fluid comprises steam. 

4882. The method of claim 4880, wherein the heat transfer fluid comprises combustion 
products from a burner. / 

4883. The method of claim 4876, wMerein heating the first portion comprises 
transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at least twomeater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base heaterrunit is formed of a number of heater wells. 

4884. The method of claim 4883, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 

4885. The method of claimf 4883, fiirther comprising removing fluid from the formation 
through one or more production wells. 

4886. The method of cMm 4885, wherein the one or more production wells are located 
in a pattern, and wherein /the one or more production wells are positioned substantially at 
centers of base heater umts. 
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4887. The method of claim 4883, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

Pi 

4888. The method of claim 4883, wherein the heater unit compiises four heater wells 
positioned substantially at apexes of a rectangle. / 

4889. The method of claim 4883, wherein the heater unil/comprises five heater wells 
positioned substantially at apexes of a regular pentagon./ 

4890. The method of claim 4883, wherein the heate/ unit comprises six heater wells 
positioned substantially at apexes of a regular hexagon. 

4891. The method of claim 4876, further comnrising introducing water to the first 
portion to cool the formation. / 

4892. The method of claim 4876, fiirther obmprising removing steam from the 
formation. / 

4893. The method of claim 4892, furtner comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4894. The method of claim 4876, Airther comprising removing pyrolyzation products 
firom the formation. / 

4895. The method of claim 48/76, fiirther comprising generating synthesis gas within the 
portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formalfton. 

4896. The method of claim 4876, further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
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fluid from the second portion, and storing a portion of the removed pyrolyzation fluid 
within the first portion. 
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4897. The method of claim 4896, wherein the portion of the^emoved pyrolyzation fluid 
is stored within the first portion when surface facilities tha/process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 



4898. The method of claim 4896, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from the first portion. 

4899. The method of claim 4876, further comprising generating synthesis gas v^thin a 
second portion of the formation, removing syntnesis gas from the second portion, and 
storing a portion of the removed synthesis gas^within the first portion. 



: 15 4900. The method of claim 4899, whereirfthe portion of the removed synthesis gas from 
the second portion are stored within the f^st portion when surface facilities that process 
the removed synthesis gas are not able process the portion of the removed synthesis 
gas. 

M 20 490 1 . The method of claim 4899, fiurther comprising heating the first portion to 
facilitate removal of the stored syryftaesis gas from the first portion. 



25 
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4902. The method of claim 4876, further comprising removing at least a portion of 
carbon containing material in tlie first portion and, further comprising using at least a 
portion of the carbon containijig material removed from the formation in a metallurgical 
application. 

4903. The method of claiM 4902, wherein the metallurgical application comprises steel 
manufacturing. 



V 
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4904. A method of sequestering carbon dioxide within a^hydrocarbon containing 
formation, comprising: 

heating a portion of the formation to increase /permeability and form a 
substantially uniform permeability within the portion 
allowing the portion to cool; and 
storing carbon dioxide within the portio 

4905. The method of claim 4904, wherein tjie permeability of the portion is increased to 
over 100 millidarcy. 

4906. The method of claim 4904, furtheir comprising raising a water level within the 
portion to inhibit migration of the carbo/n dioxide from the portion. 

4907. The method of claim 4904, fiirther comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 

4908. The method of claim 4904, further comprising pyrolyzing hydrocarbons within 
the portion during heating of thf portion, and removing pyrolyzation product from the 
formation. 

4909. The method of claiiiy4904, further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 

4910. The method of claim 4904, wherein heating the portion comprises: 
heating carbon containing material adjacent to one or more wellbores to a 

temperature sufficient tp support oxidation of the carbon containing material with an 
oxidizing fluid; 

introducing thk oxidizing fluid to carbon containing material adjacent to the one 
or more wellbores to/oxidize the hydrocarbons and produce heat; and 
conveying produced heat to the portion. 



V 
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491 1 . The method of claim 4910, wherein heating carbon containing material adjacent 
to the one or more wells comprises electrically heating the carbon containing material. 

4912. The method of claim 4910, wherein the temperatj/re sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 



4913. The method of claim 4904, wherein heating/ihe portion comprises circulating heat 
transfer fluid through one or more heating wells Ayithin the formation. 

4914. The method of claim 4913, wherein th^heat transfer fluid comprises combustion 
products from a bumer. 

491 5. The method of claim 491 3, wherein the heat transfer fluid comprises steam. 

4916. The method of claim 4904, furmer comprising removing fluid from the formation 
during heating of the formation, and /ombusting a portion of the removed fluid to 
generate heat to heat the formation. 

4917. The method of claim 4904, fiirther comprising using at least a portion of the 
carbon dioxide for hydrocarbonybed demethanation prior to storing the carbon dioxide 
within the portion. 

491 8. The method of claim 4904, fiirther comprising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

4919. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fiiel cell. 



4920. The method of claim 4904, wherein at least a portion of the carbon dioxide 



comprises carbon dioxide 



formed as a combustion product. 
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492 1 . The method of claim 4904, further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from the formation as steam. 

4922. The method of claim 492 1 , further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. / 

4923. The method of claim 4904, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation, 

4924. The method of claim 4904, wherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide md other fluid through the portion; 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream from the forrmtion, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of the adsorbed darbon dioxide in the second stream. 

4925. The method of claim 4904, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4926. The method of claim 4904, flUrther comprising providing heat from three or more 
heat sources to at least a portion offthe formation, wherein three or more of the heat 
sources are located in the formatioln in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4927. The method of claim 4904, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fomption in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulay pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 
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4928. A method of in sitxi sequestration of carbon dioxide within a hydrocarbon 
containing formation in situ, comprising: 

providing heat from one or more heat sources to at least ^first portion of the 
formation; 

allowing the heat to transfer from one or more source^ to a selected section of the 
formation such that the heat from the one or more heat soirees pyrolyzes at least some of 
the hydrocarbons within the selected section of the forrnation; 

producing pyrolyzation fluids, wherein the pyplyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dioxide in the^formation, wherein the amount of 
stored carbon dioxide is equal to or greater thar)/an amount of carbon dioxide within the 
pyrolyzation fluids. 

4929. The method of claim 4928, wherei^ the one or more heat sources comprise at 
least two heat sources, and wherein superoosition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4930. The method of claim 4928, ^herein the carbon dioxide is stored within a spent 
portion of the formation. 

493 1 . The method of claim 492^, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide /separated from the pyrolyzation fluids. 

4932. The method of claim 4^28, further comprising separating a portion of carbon 
dioxide from the pyrolyzatiop fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 

4933. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzaftion fluids, and using the carbon dioxide as a synthesis gas 
generating fluid for the generation of synthesis gas from a section of the formation that is 
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heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. 
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4934. The method of claim 4928, further comprising separating abortion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxjae to displace 
hydrocarbon bed methane. 

4935. The method of claim 4934, wherein the hydrocarb/n bed is a deep hydrocarbon 
bed located over 760 m below ground surface. 

4936. The method of claim 4934, further comprisi^^ adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 



15 
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4937. The method of claim 4928, further coniprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel/cell. 

4938. The method of claim 4937, whereiii the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated byyihe fuel cell within the formation. 

4939. The method of claim 4928, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which condensable hydrocartfons have been produced, and wherein the spent 
portion of the formation is at a teiylperature at which carbon dioxide adsorbs onto the 
carbon containing material. 



4940. The method of claim 49E8, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 



30 494 1 . The method of claim 
comprises removing pyrolys 



za :ion 



28, wherein producing fluids from the formation 
products from the formation. 
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4942. The method of claim 4928, wherein producing fluids from the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into the selected section; and removing 

5 synthesis gas from the formation. 

4943 . The method of claim 4942, wherein the temperati^e sufficient to generate 
synthesis gas ranges from about 400 °C to about 1200 

10 4944. The method of claim 4942, wherein heating /he selected section comprises 

introducing an oxidizing fluid into the selected se^ion, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

W 4945. The method of claim 4942, wherein Keating the selected section comprises: 

U 15 heating carbon containing materialyadjacent to one or more wellbores to a 

2 temperature sufficient to support oxidati^ of the carbon containing material with an 

J1 oxidant; 

^ introducing the oxidant to carh6n containing material adjacent to the one or more 

f: wellbores to oxidize the hydrocarbons and produce heat; and 

g 20 conveying produced heat to Ahe portion. 



25 



4946. The method of claim 4928, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 

4947. The method of claim ^28, wherein the one or more heat sources comprise 
electrical heaters. 
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4948. The method of clainft 4928, wherein the one or more heat sources comprise 
flameless distributor combustors. 
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4949. The method of claim 4948, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. 

4950. The method of claim 4928, wherein the one or more lieat sources comprise heater 
wells in the formation through which heat transfer fluid is xSirculated. 

495 1 . The method of claim 4950, wherein the heat transfer fluid comprises combustion 
products. / 

4952. The method of claim 4950, wherein the heat transfer fluid comprises steam. 

4953. The method of claim 4928, wherein condensable hydrocarbons are produced 
under pressure, and further comprising generaung electricity by passing a portion of the 
produced fluids through a turbine. / 

4954. The method of claim 4928, furtheryfcomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 

4955. The method of claim 4928, mrther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatipn in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation ta form a repetitive pattem of units. 

4956. A method for in situ priDduction of energy from a hydrocarbon containing 
formation, comprising: I 

providing heat from one or more heat sources to at least a portion of the 
formation; | 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis products to a reformer to generate 
synthesis gas; 

producing the synthesis gas from the refoyfner; 

providing at least a portion of the producled synthesis gas to a fiiel cell to produce 
electricity, wherein the fuel cell produces a caroon dioxide containing exit stream; and 

storing at least a portion of the carhop dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 

4957. The method of claim 4956, whermn the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydroprbons within the selected section of the 
formation. 

4958. The method of claim 4956/wherein at least a portion of the pyrolysis products are 
used as fiiel in the reformer. 

4959. The method of claim 49p6, wherein the synthesis gas comprises substantially of 

H2. 

4960. The method of claim /t956, wherein the subsurface formation is a spent portion of 
the formation. 

496 1 . The method of claiAi 4956, wherein the subsurface formation is an oil reservoir. 

4962. The method of cliim 4961 , wherein at least a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4963. The method of claim 4956, wherein the subsurfac^formation is a hydrocarbon 
formation. 

4964. The method of claim 4956, wherein at least a j/ortion of the carbon dioxide is used 
to produce methane from the hydrocarbon formatior 

4965. The method of claim 4963, wherein the co/l formation is located over about 760 
m below ground surface. 

4966. The method of claim 4964, further coriiprising sequestering at least a portion of 
the carbon dioxide within the hydrocarbon fi&rmation. 

4967. The method of claim 4956, where/n the reformer produces a reformer carbon 
dioxide containing exit stream. 

4968. The method of claim 4966, fu^her comprising storing at least a portion of the 
carbon dioxide in the reformer carbjfn dioxide containing exit stream in the subsurface 
formation. 

4969. The method of claim 49^, wherein the subsurface formation is a spent portion of 
the formation. 

4970. The method of claim 4968, wherein the subsurface formation is an oil reservoir. 

4971 . The method of claim 4970, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 



4972. The method of c^aim 4968, wherein the subsurface formation is a hydrocarbon 
formation. 
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4973. The method of claim 4872, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 
hydrocarbon formation. 

4974. The method of claim 4972, wherein the hydrocarbon^rmation is located over 
about 760 m below ground surface. 

4975. The method of claim 4973, further comprising /equestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide co/taining exit stream within the 
hydrocarbon formation. 

4976. The method of claim 4956, wherein the Aiel cell is a molten carbonate fuel cell. 

4977. The method of claim 4956, wherein me fuel cell is a solid oxide fuel cell. 

4978. The method of claim 4956, furthe/ comprising using a portion of the produced 
electricity to power electrical heaters wUhin the formation. 

4979. The method of claim 4956, further comprising using a portion of the produced 
pyrolysis products as a feed stream for the fuel cell. 

4980. The method of claim 4956( wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

498 1 . The method of claim 4956, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 



4982. The method of clainJ 498 1 , wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 
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4983. The method of claim 4956, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a cfonduit disposed within 
the formation, and further comprising heating the conduit by fl9wing a hot fluid through 
the conduit. 

4984. The method of claim 4956, further comprising usin§^ a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4985. A method for producing ammonia using a carb^fci containing formation, 
comprising: 

separating air to produce an O2 rich stream ^d a N2 rich stream; 

heating a selected section of the formatioiyto a temperature sufficient to support 
reaction of carbon-containing material in the formation to form synthesis gas; 

providing synthesis gas generating fluyd and at least a portion of the O2 rich 
stream to the selected section; 

allowing the synthesis gas generatiySg fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-cont^ning material in the formation to generate 
synthesis gas; 

producing synthesis gas from tj4e formation, wherein the synthesis gas comprises 
H2 and CO; 

providing at least a portion j^f the H2 in the synthesis gas to an ammonia synthesis 
process; 

providing N2 to the ammi^nia synthesis process; and 
using the anmionia synmesis process to generate ammonia. 

4986. The method of clainy4985, wherein the ratio of the H2 to N2 provided to the 
anmionia synthesis process is approximately 3:1. 



30 



4987. The method of clAim 4985, wherein the ratio of the H2 to N2 provided to the 
ammonia synthesis proctess ranges from approximately 2.8:1 to approximately 3.2:1. 
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4988. The method of claim 4985, wherein the temperature sufficient to support reaction 
of carbon-containing material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 



4989. The method of claim 4985, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion/of the synthesis gas. 

4990. The method of claim 4989, wherein the carbo^r dioxide is separated from the 
synthesis gas by an amine separator. 

499 1 . The method of claim 4990, fiirther com^sing providing at least a portion of the 
carbon dioxide to a urea synthesis process to OToduce urea. 

4992. The method of claim 4985, wherein at least a portion of the N2 stream is used to 
condense hydrocarbons with 4 or more ca/rbon atoms from a pyrolyzation fluid. 

4993. The method of claim 4985, wherein at least a portion of the N2 rich stream is 
provided to the ammonia synthesis process. 

4994. The method of claim 4985/wherein the air is separated by cryogenic distillation. 

4995. The method of claim 4985, wherein the air is separated by membrane separation. 

4996. The method of claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such amiyionia to the ammonia generated from the ammonia synthesis 
process. 



4997. The method of claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon formation kre hydrotreated and at least some ammonia is produced during 
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hydrotreating, and, further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 



4998. The method of claim 4985, further comprisingyproviding at least a portion of the 
ammonia to a urea synthesis process to produce urea: 

4999. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to product urea and, further comprising providing 
carbon dioxide from the formation to the ureal synthesis process. 

5000. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to Produce urea and, further comprising shifting at 
least a portion of the carbon monoxidp to carbon dioxide in a shift process, and further 
comprising providing at least a portjion of the carbon dioxide from the shift process to the 
urea synthesis process. 

5001 . The method of claim 4985, wherein heating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprises:] 

heating zones adjacenit to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the O/ rich stream; 

introducing the OVto the zones substantially by diffusion; 

allowing O2 in thi O2 rich stream to react with at least a portion of the carbon- 
containing material witnin the zones to produce heat in the zones; and 

transferring hcA from the zones to the selected section. 



5002. The method 01 claim 5001, wherein temperatures sufficient to support reaction of 
carbon-containing material within the zones with O2 range from approximately 200 °C to 
approximately 1200 rC. 
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5003. The method of claim 5001, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5004. The method of claim 500 1 , wherein the one or more heat sources comprises one 
or more natural distributor combustors. r 

5005. The method of claim 5001 , wherein the one onmore heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the /onduit by flowing a hot fluid through 
the conduit. / 

5006. The method of claim 5001, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more hefat sources. 

.5007. The method of claim 4985, whenein heating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprises: / 

introducing the O2 rich stream into the formation through a wellbore; 

transporting O2 in the O2 ridh stream substantially by convection into the portion 
of the selected section, wherein thp portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 within the portion of the selected section to generate heat and raise 
the temperature of the portion./ 

5008. The method of claim 6008, wherein the temperature sufficient to support an 
oxidization reaction with o/ranges from approximately 200 °C to approximately 1200 
°C. 

5009. The method of cl; 
or more electrical heaters 



Am 5008, wherein the one or more heat sources comprises one 
I disposed in the formation. 
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5010. The method of claim 5008, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

5011. The method of claim 5008, wherein the one or more^iat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the condyit by flowing a hot fluid through 
the conduit. 

5012. The method of claim 5008, further comprising using a portion of the synthesis gas 
as a combustion fiiel for the one or more heat sources. 

5013. The method of claim 4985, further cGtoiprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least th^portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

5014. The method of claim 4985, wjllerein the synthesis gas generating fluid comprises 
liquid water. 

5015. The method of claim 4985/wherein the synthesis gas generating fluid comprises 
steam. 

5016. The method of claim 49S(5, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



5017. The method of claim 
synthesis gas generating fluic 



016, wherein a portion of the carbon dioxide within the 
comprises carbon dioxide removed from the formation. 
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5018. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

f the carbon dioxide within the 
le removed from the formation. 

5020. The method of claim 4985, wherein providitig the synthesis gas generating fluid 
to at least the portion of the selected section comnrises raising a water table of the 
formation to allow water to flow into the at leastAhe portion of the selected section. 

5021 . A method for producing ammonia using a carbon containing formation, 
comprising: / 

generating a first ammonia feed strealm from a first portion of the formation; 

generating a second ammonia feed stream from a second portion of the formation, 
wherein the second ammonia feed stream has a H2 to N2 ratio greater than a H2 to N2 ratio 
of the first ammonia feed stream; / 

blending at least a portion of th© first anmionia feed stream with at least a portion 
of the second ammonia feed stream to produce a blended anmionia feed stream having a 
selected H2 to N2 ratio; / 

providing the blended ammonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

5022. The method of claim 502 V, wherein the selected ratio is approximately 3:1. 

5023 . The method of claim 502 1 , wherein the selected ratio ranges firom approximately 
2.8:1 to approximately 3.2:1. / 

5024. The method of claim 5(02 1 , further comprising separating at least a portion of 
carbon dioxide in the first aninWia feed stream firom at least a portion of the first 
ammonia feed stream. 



5019. The method of claim 5018, wherein a portion < 
synthesis gas generating fluid comprises carbon dioxi 
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5025. The method of claim 5024, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 



5026. The method of claun 5025, further comprising providing at least a portion of the 



carbon dioxide to a urea synthesis process. 



5027. The method of claim 502 1 , further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed stream froqfi at least a portion of the blended 
ammonia feed stream. 

5028. The method of claim 5027, wherein the carbbn dioxide is separated from the 
blended ammonia feed stream by an amine separator. 

5029. The method of claim 5028, further conjprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 

5030. The method of claim 502 1 , further/comprising separating at least a portion of 
carbon dioxide in the second ammonia f^ed stream from at least a portion of the second 
ammonia feed stream. 

503 1 . The method of claim 5030, Wierein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5032. The method of claim 503 y, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

503 3 . The method of claim 5(E 1 , wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonja to the ammonia generated from the ammonia synthesis 
process. 
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5034. The method of claim 5021 , wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some anmionia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. / 

5035. The method of claim 5021 , further comprising wo viding at least a portion of the 
ammonia to a urea synthesis process to produce urea/ 

5036. The method of claim 5021 , further compri/ing providing at least a portion of the 
ammonia to a urea synthesis process to produce lorea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5037. The method of claim 5021, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to proauce urea and further comprising shifting at 
least a portion of carbon monoxide in the Blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprisinm^roviding at least a portion of the carbon 
dioxide from the shift process to the urea synthesis process. 

5038. A method for producing aminpnia using a carbon containing formation, 
comprising: / 

heating a selected section oi the formation to a temperature sufficient to support 
reaction of carbon-containing material in the formation to form synthesis gas; 

providing a synthesis gas/generating fluid and an O2 rich stream to the selected 
section, wherein the amount of N2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selected ratio of H2 to N2; 

allowing the synthesis /gas generating fluid and O2 in the O2 rich stream to react 
v^th at least a portion of the aarbon-containing material in the formation to generate 
synthesis gas having a selected ratio of H2 to N2; 

producing the synthesis gas from the formation; 
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providing at least a portion of the H2 and N2 in the synthesis gas to an ammonia 
synthesis process; 

using the ammonia synthesis process to generate ammonia. 

5039. The method of claim 503 8, further comprising conrfoUing a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected H2 to 
N2 ratio. / 

5040. The method of claim 5038, v^herein the selofcted ratio is approximately 3:1. 

504 1 . The method of claim 503 8, wherein the^elected ratio ranges from approximately 
2.8:1 to 3.2:1. / 

5042. The method of claim 5038, whereih the temperature sufficient to support reaction 
of carbon-containing material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5043. The method of claim 5038, Wierein the O2 stream and N2 stream are obtained by 
cryogenic separation of air. / 

5044. The method of claim 5038/ wherein the O2 stream and N2 stream are obtained by 
membrane separation of air. 

5045. The method of claim 5 
carbon dioxide in the synthesil 

5046. The method of claimf 5045, wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

5047. The method of cMm 5046, further comprising providing at least a portion of the 
carbon dioxide to a urea Synthesis process. 



, further comprising separating at least a portion of 
gas from at least a portion of the synthesis gas. 
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5048. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the anmionia generated firoi^ the ammonia synthesis 
process. 

5049. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and further comprising adding at leasVa portion of such ammonia to the 
ammonia generated firom the ammonia synthesis process. 



5050. The method of claim 5038, further coniprising providing at least a portion of the 
ammonia to a urea synthesis process to produpe urea. 

5051. The method of claim 503 8, further comprising providing at least a portion of the 
, ammonia to a urea synthesis process to pBoduce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5052. The method of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process lo produce urea and further comprising shifting at 
least a portion of carbon monoxide p the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 



5053. The method of claim 50^8, wherein heating a selected section of the formation to 
a temperature to support reaction of carbon containing material in the formation to form 
synthesis gas comprises: 

heating zones adjacei^t to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 



zones to temperatures suffi 
the zones with O2 in the O; 



lent to support reaction of carbon-containing material within 
rich stream: 
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introducing the O2 to the zones substantially by diffusion; 
allowing O2 in the O2 rich stream to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. . 

5054. The method of claim 5053, wherein temperatures sufficient to support reaction of 
carbon-containing material within the zones with O2 range^from approximately 200 °C to 
approximately 1200 °C. / 

5055. The method of claim 5053, wherein the one c/r more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5056. The method of claim 5053, wherein the one or more heat sources comprises one 
or more natural distributor combustors. / 

5057. The method of claim 5053, whereii^he one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and forther comprising hating the conduit by flowing a hot fluid through 
the conduit. 

5058. The method of claim 5053, 
as a combustion fuel for the one ory 

5059. The method of claim 503^5, wherein heating the selected section of the formation 
to a temperature to support reaoiion of carbon containing material in the formation to 
form synthesis gas comprises:/ 

introducing the O2 rich stream into the formation through a wellbore; 

transporting O2 in th^ O2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxiiiization reaction with O2 in the O2 rich stream; and 



ler comprising using a portion of the synthesis gas 
lore heat sources. 
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reacting the O2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. . 

5060. The method of claim 5059, wherein the temperature sufficient to support an 

5 oxidization reaction with O2 ranges from approximately 200 rC to approximately 1200 
°C. / 

5061 . The method of claim 5059, wherein the one or m6re heat sources comprises one 
or more electrical heaters disposed in the formation. / 

10 / 

5062. The method of claim 5059, wherein the one or more heat sources comprises one 
or more natural distributor combustors. / 

p / 

ffl 5063. The method of claim 5059, wherein the rfne or more heat sources comprise one or 

J 1 5 more heater wells, wherein at least one heater well comprises a conduit disposed within 
y the formation, and further comprising heating the conduit by flowing a hot fluid through 

in the conduit. / 

^ 5064. The method of claim 5059, further comprising using a portion of the synthesis gas 

20 as a combustion fuel for the one or mo/e heat sources. 

I™ / 

5065. The method of claim 5038, ttirther comprising controlling the heating of at least 
the portion of the selected section And provision of the synthesis gas generating fluid to 
maintain a temperature within atieast the portion of the selected section above the 

25 temperature sufficient to generafte synthesis gas. 

5066. The method of claimD038, wherein the synthesis gas generating fluid comprises 
liquid water. / 

30 5067. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
steam. / 
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5068. The method of claim 5038, wherem the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



5069. The method of claim 5068, wherein a portion of the cafrbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5070. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5071 . The method of claim 5070, wherein a portfton of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon/dioxide removed from the formation. 

5072. The method of claim 5038, wherein pribviding the synthesis gas generating fluid 
to at least the portion of the selected section pmprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5073. A method for producing ammonia/using a carbon containing formation, 
comprising: 

providing a first stream comprising N2 and carbon dioxide to the formation; 
allowing at least a portion of thp carbon dioxide in the first stream to adsorb in the 
formation; 

producing a second stream fr^m the formation, wherein the second stream 
comprises a lower percentage of carton dioxide than the first stream; 

providing at least a portion pf the N2 in the second stream to an ammonia 
synthesis process. 



5074. The method of claim 507i, wherein the second stream comprises H2 from the 
formation. 
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5075. The method of claim 5073, wherein the first stream is produced from a carbon 
containing formation. / 

5076. The method of claim 5075, wherein the first stream is generated by reacting a 
oxidizing fluid with carbon containing material in the fiprmation. 

5077. The method of claim 5073, wherein the second stream comprises H2 from the 
formation and, fiirther comprising providing such A2 to the ammonia synthesis process. 

5078. The method of claim 5073, further comprising using the ammonia synthesis 
process to generate ammonia. / 

5079. The method of claim 5078, whereih fluids produced during pyrolysis of a 
hydrocarbon containing formation commise ammonia and, ftirther comprising adding at 
least a portion of such ammonia to theAmmonia generated from the ammonia synthesis 
process. / 

5080. The method of claim 5078/ wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and fiirther comprising adding at least a portion of such ammonia to the 
anmionia generated from the ammonia synthesis process. 

508 1 . The method of claim 6078, ftirther comprising providing at least a portion of the 
ammonia to a urea synthesis/process to produce urea. 

5082. The method of claiAi 5078, ftirther comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, fiirther comprising providing 
carbon dioxide from the flormation to the urea synthesis process. 
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5083. The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide m a shift 
process, and further comprising providing at least a portioh of the carbon dioxide from 
the shift process to the urea synthesis process. 

5084. A method of treating a hydrocarbon containing y(ermeable formation in situ, 
comprising: 

providing heat from one or more heat source^to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the one dr more heat sources to a selected 
mobilization section of the permeable formation/Such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of ther selected mobilization section of the 
permeable formation is less than about 1 5wC\ 

allowing the heat to transfer fronythe one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some/of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majoriti^^ of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; and 

producing a mixture from me permeable formation. 



5085. The method of claim 508A, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 
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5086. The method of claim 5084, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected pyroiyzation 
section of the permeable formation. 

5087. The method of claim 5084, wherein the one or more heat sources comprise 
electrical heaters. 

5088. The method of claim 5084, wherein the one or mor/heat sources comprise 
surface bumers. 

5089. The method of claim 5084, wherein the one j/r more heat sources comprise 
flameless distributed combustors. 

5090. The method of claim 5084, wherein th/ one or more heat sources comprise natural 
distributed combustors. 

5091 . The method of claim 5084, furthe/ comprising disposing the one or more heat 
sources horizontally within the permeablfe formation. 

5092. The method of claim 5084, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperate, or the temperature is controlled as a function of 
pressure. 

5093. The method of claim 5084, further comprising controlling the heat such that an 
average heating rate of the selected pyroiyzation section is less than about 15 ^'C/day 
during pyrolysis. 

5094. The method of claiB^ 5084, wherein providing heat from the one or more heat 
sources to at least the port/on of permeable formation comprises: 
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heating a selected volume iV)of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equa|/fo or less than Pwr, 
wherein Pmt is calculated by the equation: 

wherein Pwr is the heating energy/day, his an averagelieating rate of the 
formation, ps is formation bulk density, and wherein the Ipating rate is less than about 10 
°C/day. 



15 
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5095. The method of claim 5084, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization secpon and/or the selected pyrolyzation 
section comprises transferring heat substantiallyyby conduction. 

5096. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing mijpire having an API gravity of at least about 
25^ 

5097. The method of claim 5084, whirein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on ah atomic basis, is nitrogen. 



5098. The method of claim 5084; wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less tnan about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 



30 



5099. The method of claim 5084, wherein the produced mixture comprises sulfiir, and 
wherein less than about 5 % by weight, of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfiir. 
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5 1 00. The method of claim 5084, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 



5101. The method of claim 5084, further comprising altering^ pressure within the 
permeable formation to inhibit production of hydrocarbons firorn the permeable formation 



having carbon numbers greater than about 25. 



5 1 02. The method of claim 5084, further comprising: 
providing hydrogen (H2) to the heated sectioiyto hydrogenate hydrocarbons within 

the section; and 

heating a portion of the section with heat fifom hydrogenation. 

5 1 03 . The method of claim 5084, wherein thfe produced mixture comprises condensable 
hydrocarbons and hydrogen, the method furtlier comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 104. The method of claim 5084, wheyfein producing the mixture from the permeable 
formation further comprises producin^the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well 



5 1 05. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that me mixture can be produced from the permeable 
formation, and wherein the p^duction well is disposed substantially horizontally within 
the permeable formation. 

5 1 06. The method of claim] 5084, further comprising separating the mixture into a gas 
stream and a liquid stream. 
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5 107. The method of claim 5084, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5 108. The method of claim 5084, wherein the mixture is product from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



10 
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5 109. The method of claim 5084, wherein the mixture/is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbyre, and further comprising heating the 
permeable formation with the heater element to p/oduce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5110. The method of claim 5084, wherein / minimum mobilization temperature is about 
75 °C. 



20 



5111. The method of claim 5084, wl^prein a minimum pyrolysis temperature is about 
270 °C. 



25 
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5112. The method of claim 5084, further comprising maintaining the pressure within the 
permeable formation above ab^ut 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 

5113. The method of claiih 5084, further comprising controlling pressure within the 
permeable formation in a/-ange from about atmospheric pressure to about 100 bar 
absolute, as measured ay a wellhead of a production well, to control an amount of 
condensable fluids witain the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-comdensable fluids. 
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51 14. The method of claim 5084, further comprismg controMing pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, llo control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 



10 
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5115. The method of claim 5084, wherein mobili/mg the hydrocarbons within the 
selected mobilization section comprises reducing/a viscosity of the hydrocarbons. 



5116. The method of claim 5084, further coyaprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the pem/eable formation. 

5117. The method of claim 5084, fuhher comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected niobilization section of the permeable formation to the 
selected pyrolyzation section of ^e permeable formation, and wherein the gas comprises 
carbon dioxide, 

5118. The method of claim/5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation secjfton of the permeable formation, and wherein the gas comprises 
nitrogen. 



30 



5119. The method of fclaim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from thfe selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
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controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 

5 120. The method of claim 5084, further comprising providing a ^ to the permeable 
formation, wherein the gas is configured to increase a flow of tWmpbilized 
hydrocarbons from the selected mobilization section of the jWmeable formation to the 
selected pyrolyzation section of the permeable formation, jme method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. / 

5121. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilizaticm section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein tlie pressure of the provided gas is below about 70 
bar absolute. / 

5 1 22. A method of treating a h/drocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section oi the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about ISO^'C; 
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allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; / 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; / 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation t6 the selected pyrolyzation section of 
the permeable formation; and / 

producing a mixture from the permeable formation. 

5123. The method of claim 5122, whereiff the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. / 

5 1 24. The method of claim 5122, therein the one or more heat sources comprise at 
least two heat sources, and whereip superposition of heat from the one or more heat 
sources can pyrolyze at least sorne of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 

5 1 25. The method of claim h 1 22, wherein the one or more heat sources comprise 
electrical heaters. / 

5126. The method of claim 5 1 22, wherein the one or more heat sources comprise 
surface burners. / 

5127. The method of daim 5 1 22, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5 128. The method of claim 5 122, wherein the one or more heat sources comprise natural 
distributed combustors. 

5 129. The method of claim 5 122, further comprising disposing Ihe one or more heat 
sources horizontally within the permeable formation. / 

5 1 30. The method of claim 5 122, further comprising contmlling a pressure and a 
temperature within at least a majority of the permeable focmation, wherein the pressure is 
controlled as a function of temperature, or the temperatu/e is controlled as a function of 
pressure. / 

5131. The method of claim 5 1 22, further comprisii/g controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. / 

5 1 32. The method of claim 5 122, wherein providing heat firom the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (F) of themydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pycolyzes at least some hydrocarbons within the 
selected volume of the formation; and / 

wherein heating energy/day pro/^ided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equacion: 

Pwr h'^V'^Cy'^PB I 
wherein Pwr is the heating enpgy/day, his an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5133. The method of claim 5 If 22, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 
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5134. The method of claim 5 1 22, wherein producing the mixture from the permeable 
formation further comprises producing a mixture having an API gravity of at least about 
25°. j 

5135. The method of claim 5 122, v^herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weighty()f the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5136. The method of claim 5 1 22, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by ^ight, of the condensable 
hydrocarbons, when calculated on an atomic basis( is oxygen. 

5137. The method of claim 5122, wherein th/ produced mixture comprises condensable 
hydrocarbons, and wherein less than about SrA by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5138. The method of claim 5 1 22, fiirt^r comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. / 

5139. The method of claim 5 1 22,/further comprising altering a pressure within the 
permeable formation to inhibit prj&duction of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5 1 40. The method of claim 5 ¥22, further comprising: 

providing hydrogen {liiito the heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion of the section with heat from hydrogenation. 
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5141. The method of claim 5122, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5142. The method of claim 5122, wherein producing the mixture from the permeable 
formation further comprises producing mixture in a producfion well, wherein the heating 
is controlled such that the mixture can be produced fronyme permeable formation, and 
wherein at least about 4 heat sources are disposed in the permeable formation for each 
production well. / 

5 143. The method of claim 5 122, wherein producing the mixture from the permeable 
formation fiirther comprises producing mixture in a production well, wherein the heating 
is controlled such that the mixture can be pr/duced from the permeable formation, and 
wherein the production well is disposed substantially horizontally within the permeable 
formation. / 

5 144. The method of claim 5 122, fiij/ther comprising separating the mixture into a gas 
stream and a liquid stream. / 

5145. The method of claim 5X2% further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5 1 46. The method of claim p 1 22, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixtuce within the wellbore. 

5 147. The method of clAim 5 1 22, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable fom ation adjacent to the wellbore, and further comprising heating the 

I 
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permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 



5 148. The method of claim 5 122, wherein a minimum mobilization temperature is about 
75 °C. 

5 149. The method of claim 5 122, wherein a mir)iinum pyrolysis temperature is about 
270 °C. 

5150. The method of claim 5122, further CG(mprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 

5151. The method of claim 5 1 22, fuil^ier comprising controlling pressure within the 
permeable formation in a range fromAbout atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead/of a production well, to control an amount of 
condensable fluids within the mijdure, wherein the pressure is reduced to increase 
production of condensable fluids; and wherein the pressure is increased to increase 
production of non-condensabl^fluids. 

5152. The method of claim/ 5122, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at i wellhead of a production well, to control an API gravity of 
condensable fluids with/n the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5153. The method If claim 5 1 22, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 



5 1 54. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, whereilh the gas is configured to increase a flow of the mobilized 
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hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5155. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of me permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. / 

5 1 56. The method of claim 5 1 22, further compri$ing providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrogen. / 

5157. The method of claim 5 1 22, further/comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. / 

5158. The method of claim 5 122, further comprising providing a gas to the permeable 
formation, wherein the gas is confifgured to increase a flow of the mobilized 
hydrocarbons from the selected m'obilization section of the permeable formation to the 
selected pyrolyzation section of ttie permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. / 
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5159. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flov^fof the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 100 
bar absolute. / 

5 1 60. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the onp or more heat sources to a selected 
mobilization section of the permeable formatidn such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one or/more heat sources such that an average 
temperature within at least a majority of tne selected mobilization section of the 
permeable formation is less than about 1M)°C; 

allowing the heat to transfer frony the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least som&of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing at least some of tne mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; / 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
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the permeable formation to the selected pyrolyzation section of the permeable formation; 
and 

producing a mixture from the permeable formation. 



5161. The method of claim 5 1 60, wherein the one or more heat sources comprise at 
least two heat sources, and wherein the heat from the cm^ or more heat sources can 
mobilize at least some of the hydrocarbons within tl^e selected mobilization section of the 
permeable formation. 

5 1 62. The method of claim 5 1 60, wherein the /ne or more heat sources comprise at 
least two heat sources, and wherein the heat fr^m the one or more heat soxorces can 
pyrolyze at least some of the hydrocarbons v^thin the selected pyrolyzation section of the 
permeable formation. 

5 163. The method of claim 5 160, whereifi the one or more heat sources comprise 
electrical heaters. 

5164. The method of claim 5160, wherein the one or more heat sources comprise 
surface burners. 

5165. The method of claim 5 160, /^herein the one or more heat sources comprise 
flameless distributed combustors. 

5 1 66. The method of claim 5 1 6/), wherein the one or more heat sources comprise natural 
distributed combustors. 



5 1 67. The method of claim 5 i 60, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 



5168. The method of claim 
temperature within at least a 



160, ftirther comprising controlling a pressure and a 
najority of the permeable formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5 1 69. The method of claim 5 1 60, fixrther comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is than about 15 °C/day 
during pyrolysis. / 

5 1 70. The method of claim 5 1 60, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formapon comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolVzes at least some hydrocarbons within the 
selected volume of the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating en^gy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5171. The method of claim 5 LbO, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5 1 72. The method of claim 5 1 60, wherein producing mixture from the permeable 
formation further comprisfes producing mixture having an API gravity of at least about 
25^ / 

5 1 73 . The method of fclaim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons, and wWerein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 
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5 1 74. The method of claim 5 1 60, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by wei^t, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5 1 75. The method of claim 5 1 60, wherein the proyfluced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % b^ weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5 1 76. The method of claim 5 1 60, further comprising controlling a pressure within at 
least a majority of the permeable formation; wherein the controlled pressure is at least 
about 2 bar absolute. / 

5 1 77. The method of claim 5 1 60, fufflier comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5178. The method of claim 5 1 60, further comprising: 

providing hydrogen (H2) jo the heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion of the/section with heat from hydrogenation. 

5 1 79. The method of clairA 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogdi, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5180. The method of claim 5 1 60, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled smch that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 
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5181. The method of claim 5 1 60, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed sub^antially horizontally within 
the permeable formation. / 

5 1 82. The method of claim 5 160, further comprising Separating the mixture into a gas 
stream and a liquid stream. / 

5183. The method of claim 5 1 60, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5 1 84. The method of claim 5 1 60, wherein/the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5185. The method of claim 5 1 60, wMerein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the hea/er element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

5186. The method of claim 5 y60, wherein a minimum mobilization temperature is about 
75 °C. / 

5187. The method of clainy 5 1 60, wherein a minimum pyrolysis temperature is about 
270 °C. / 
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5188. The method of claim 5 1 60, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 



5189. The method of claim 5 1 60, further comprising contr^ing pressure within the 
permeable formation in a range from about atmospheric i^essure to about 100 bar 
absolute, as measured at a wellhead of a production welK to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the prpsure is increased to increase 
production of non-condensable fluids. 

5 1 90. The method of claim 5 1 60, further compnsing controlling pressure within the 
permeable formation in a range from about atnrospheric pressure to about 1 00 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is inicreased to reduce the API gravity. 

5191. The method of claim 5 1 60, whecfein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5 1 92. The method of claim 5 1 60, wherein the provided gas comprises carbon dioxide. 

5 1 93 . The method of claim 5 1 60/ wherein the provided gas comprises nitrogen. 

5 1 94. The method of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such that the flowADf the mobilized hydrocarbons is controlled. 



5195. The method of claim 5/1 60, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 
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5 1 96. The method of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 100 bar absolute. /| 

5197. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to k\ least one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation!; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

allowing the heat to transfer from tMe one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some or the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority /of the selected pyrolyzation section of the 
permeable formation is less than about 375*^C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; / 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
the permeable formation to the/selected pyrolyzation section of the permeable formation; 

controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled; and 

producing a mixture from the permeable formation. 
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5198. The method of claim 5 1 97, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5 1 99. The method of claim 5 1 97, wherein the one or mor^ heat sources comprise at 
least two heat sources, and wherein superposition of heayfrom the one or more heat 
sources can pyrolyze at least some of the hydrocarbonsyWithin the selected pyrolyzation 
section of the permeable formation. 

5200. The method of claim 5197, wherein the one/or more heat sources comprise 
electrical heaters. 

5201 . The method of claim 5 197, wherein the /ne or more heat sources comprise 
surface burners. 

5202. The method of claim 5 197, wherein t^e one or more heat sources comprise 
flameless distributed combustors. 

5203. The method of claim 5197, whereijt the one or more heat sources comprise natural 
distributed combustors. 

5204. The method of claim 5197, further comprising disposing the one or more heat 
sources horizontally within the permeaple formation. 

5205. The method of claim 5 197, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperati/re, or the temperature is controlled as a function of 
pressure. 



1017 



Coniey, Rose & Tayon, P.C. 



5206. The method of claim 5 197, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 *^C/day 
during pyrolysis. 

5207. The method of claim 5 197, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprise^ 

heating a selected volume (J^ of the hydrocarbon confining permeable formation 
from the one or more heat sources, wherein the formation lias an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least/Some hydrocarbons within the 
selected volume of the formation; and / 

wherein heating energy/day provided to the/volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energy/day, X is an average heating rate of the 
formation, pa is formation bulk density, and/vherein the heating rate is less than about 10 
°C/day. / 

5208. The method of claim 5 197, whe/ein allowing the heat to transfer from the one or 
more heat sources to the selected mobuization section and/or the selected pyrolyzation 
section comprises transferring heat sipstantially by conduction. 

5209. The method of claim 5 197, 
formation fiirther comprises produl 
25°. / 

5210. The method of claim 5 197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculatecl on an atomic basis, is nitrogen. 
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/herein producing the mixture from the permeable 
:ing mixture having an API gravity of at least about 



5211. The method of claim 5 1 97, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5212. The method of claim 5 1 97, wherein the produced^i^ture comprises condensable 
hydrocarbons, and wherein less than about 5 % by wd^ht, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5213. The method of claim 5 1 97, further comprising controlling a pressure within at 
least a majority of the permeable formation, \ynerein the controlled pressure is at least 
about 2 bar absolute. / 

5214. The method of claim 5197, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than ab^ut 25. 

5215. The method of claim 5 1 97, fimher comprising: 

providing hydrogen (H2) to thef heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion of the section with heat from hydrogenation. 

52 1 6. The method of claim 5 1^7, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method ftirther comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5217. The method of clain/( 5 1 97, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled sucWthat the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 
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5218. The method of claim 5197, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substaiitially horizontally within 
the permeable formation. / ' 

5219. The method of claim 5197, further comprising separating the mixture into a gas 
stream and a liquid stream. / 

5220. The method of claim 5 197, further compri&mg separating the mixture into a gas 
stream and a liquid stream and separating the liqvlid stream into an aqueous stream and a 
non-aqueous stream. / 

522 1 . The method of claim 5 197, whereinAhe mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5222. The method of claim 5 197, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjadfent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5223. The method of claim 5 107, wherein a minimum mobilization temperature is about 
75 °C. / 

5224. The method of claim/s 197, wherein a minimum pyrolysis temperature is about 
270 °C. / 
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5225. The method of claim 5 197, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 

5226. The method of claim 5 197, further comprising controlling pressure within the 
permeable formation in a raage from about atmospheric pressure to about 1 00 bar 
absolute, as measured at a wellhead of a production well; to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressxire is increased to increase 
production of non-condensable fluids. / 

5227. The method of claim 5 1 97, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a prc/duction well, to control an API gravity of 
condensable fluids within the mixture, w^rein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is/mcreased to reduce the API gravity. 

5228. The method of claim 5 197, wherein mobilizing the hydrocarbons within the 
selected mobilization section compmses reducing a viscosity of the hydrocarbons. 

5229. The method of claim 5197, wherein the provided gas comprises carbon dioxide. 

5230. The method of claim 5 p7, wherein the provided gas comprises nitrogen. 

523 1 . The method of claim 6 1 97, wherein the pressure of the provided gas is above 
about 2 bar absolute. / 

5232. The method of claini 5 1 97, wherein the pressure of the provided gas is below 
about 70 bar absolute. / 



1021 



Conley, Rose & Tayon, P.C. 



5233. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such thayxne heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; / 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selec^d mobilization section of the 
permeable formation is less than about 150°C; / 

allowing the heat to transfer from the tfme or more heat sources to a selected 
pyrolyzation section of the permeable formaftion such that the heat from the one or more 
heat sources can pyrolyze at least some o£4he hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375**C; and 

producing a mixture fromyihe permeable formation in a production well, wherein 
the production well is disposed sOibstantially horizontally within the permeable formation. 

5234. The method of claim 5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable fprmation. 

5235. The method of dlaim 5233, wherein the one or more heat sources comprise at 
least two heat sources,/and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeible formation. 
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5236. The method of claim 5233, wherein the one or more heat sources comprise 
electrical heaters. 



5237. The method of claim 5233, wherein the one or more heat sources comprise 
5 surface burners. 

5238. The method of claim 5233, wherein the one o/4i^re heat sources comprise 
flameless distributed combustors. 

10 5239. The method of claim 5233, wherein t})£ one or more heat sources comprise natural 
distributed combustors. 



15 



i 20 

o 



5240. The method of claim 5233, fur^er comprising disposing the one or more heat 
sources horizontally within the pemi/6able formation. 

5241 . The method of claim 523 further comprising controlling a pressizre and a 
temperature within at least a mmority of the permeable formation, wherein the pressure is 
controlled as a function of tenj/perature, or the temperature is controlled as a function of 
pressure. 

5242. The method of claifn 5233, further comprising controlling the heat such that an 
average heating rate of tip selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 



25 
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5243. The method of claim 5233, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (F) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 



selected volume o 



the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, /i is an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



10 



5244. The method of claim 5233, wherein allowing^hel heat to transfer from the one or 
more heat sources to the selected mobilization secuon and/or the selected pyrolyzation 
section comprises transferring heat substantiallv^by conduction. 
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15 



□ 

m 

I 20 

u 



5245. The method of claim 5233, wherein/producing mixture from the permeable 
formation further comprises producing npcture having an API gravity of at least about 
25°. 

5246. The method of claim 5233, vyherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaA about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5247. The method of claim 523B, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 7 % by weight, of the condensable 
hydrocarbons, when calculated/on an atomic basis, is oxygen. 



5248. The method of claim 6233, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 



30 



5249. The method of cla&n 5233, further comprising controlling a pressure within at 
least a majority of the peineable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 
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5250. The method of claim 5233, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 



525 1 . The method of claim 5233, ftirther comprising: 

providing hydrogen (H2) to the heated section to^ydrogenate hydrocarbons within 
the section; and ^ 

heating a portion of the section with heat fn6m hydrogenation. 



10 5252. The method of claim 5233, wherein me produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5253. The method of claim 5233, whdrein producing the mixture from the permeable 
15 formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least abo/it 4 heat sources are disposed in the permeable 
formation for each production weM. 



^ 20 



5254. The method of claim 52p, further comprising separating the mixture into a gas 
stream and a liquid stream. 



25 



5255. The method of claim/5233, further comprising separating the mixture into a gas 
stream and a liquid stream ^d separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 



30 



5256. The method of claim 5233, wherein the mixture is produced from a production 
well, the method further/comprising heating a wellbore of the production well to inhibit 
condensation of the mix lure within the wellbore. 
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5257. The method of claim 5233, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5258. The method of claim 5233, wherein a niimnmm mobilization temperature is about 
75 °C. / \ 

5259. The method of claim 5233, wherein ^minimum pyrolysis temperature is about 
270 °C. / 

5260. The method of claim 5233, further comprising maintaining the pressure within the 
permeable formation above about 2 bar Absolute to inhibit production of fluids having 
carbon numbers above 25. / 

5261 . The method of claim 5233, fiMher comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixmre, wherein the pressure is reduced to increase 
production of condensable fluids,/and wherein the pressure is increased to increase 
production of non-condensable fluids. 

5262. The method of claim 52p3, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a weMhead of a production well, to control an API gravity of 
condensable fluids within the/mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the/pressure is increased to reduce the API gravity. 

5263. The method of clainJ 5233, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 
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5264. The method of claim 5233, further comprising /rtpviding a gas to the permeable 
formation, wherein the gas is configured to increase af flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable fonnation. 

5265. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to/increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the pemieable formation, and wherein the gas comprises 
carbon dioxide. / 

5266. The method of claim 5233/ further comprising providing a gas to the permeable 
formation, wherein the gas is copigured to increase a flow of the mobilized 
hydrocarbons from the selected^ mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrogen. / 

5267. The method of clapi 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the s^blected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure/of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 

5268. The method of claim 5233, fiirther comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
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hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. 

5269. The method of claim 5233, further comprising providing a gas to the permeable 
5 formation, wherein the gas is configured to increase a flow of the mobilized 

hydrocarbons from the selected mobilization s^tion of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas snch that the flow of the mobilized 
hydrocarbons is controlled, wherein the n/essure of the provided gas is below about 70 
10 bar absolute. / 

5270. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

H providing heat from one oymore heat sources to at least one portion of the 

15 permeable formation; / 
^ allowing the heat to transfer from the one or more heat sources to a selected 

mobilization section of the permeable formation such that the heat from the one or more 
L heat sources can mobilize at least some of the hydrocarbons within the selected 

P mobilization section of the permeable formation; 

M J 

^ 20 controlling the heat irom the one or more heat sources such that an average 

temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

providing a gas tofthe permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons within the permeable formation; and 
25 producing a nii?pire from the permeable formation. 

5271 . The method ofl claim 5270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilizelat least some of the hydrocarbons within the selected mobilization 

30 section of the permeable formation. 
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5272. The method of claim 5270, wherein the one or more heat sources comprise 
electrical heaters. 

5273. The method of claim 5270, wherein the one oryfiiore heat sources comprise 
surface bumers. / 

5274. The method of claim 5270, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

5275. The method of claim 5270, wherein me one or more heat sources comprise natural 
distributed combustors. / 

5276. The method of claim 5270, furthfer comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5277. The method of claim 5270, fflrther comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

5278. The method of claim 5^0, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein tfte heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating emergy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculatefl by the equation: 

Pwr = HW^cMb 
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wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, /)« is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. . 

A 

5279. The method of claim 5270, wherein allowmg the heat to transfer from the one or 
more heat sources to the selected mobilization section comprises transferring heat 
substantially by conduction. / 

5280. The method of claim 5270, further comprising controlling a pressure within at 
least a majority of the permeable formation/ wherein the controlled pressure is at least 
about 2 bar absolute. / 

5281 . The method of claim 5270, wherein producing the mixture from the permeable 
formation further comprises producing ihe mixture in a production well, wherein the 
heating is controlled such that the mixrure can be produced from the permeable 
formation, and wherein at least about/4 heat sources are disposed in the permeable 
formation for each production well. / 

5282. The method of claim 5270,/wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. / 

5283. The method of claim ^70, further comprising separating the mixture into a gas 
stream and a liquid stream. 

5284. The method of clai] 
stream and a liquid stream 
non-aqueous stream. 



5270, further comprising separating the mixture into a gas 
id separating the liquid stream into an aqueous stream and a 
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5285. The method of claim 5270, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of th^ production well to inhibit 
condensation of the mixture within the wellbore. 

5286. The method of claim 5270, wherein the mixture isl produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, yknd further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

5287. The method of claim 5270, wherein a migfimum mobilization temperature is about 
75 °C. 

5288. The method of claim 5270, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5289. The method of claim 5270, wherem the provided gas comprises carbon dioxide. 

5290. The method of claim 5270, whe/ein the provided gas comprises nitrogen. 

5291 . The method of claim 5270, fu/ther comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 

5292. The method of claim 527Q( further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 

5293 . The method of claim 5270, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 70 bar absolute. 
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5294. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / ^ 

allowing the heat to transfer from the one or rn^re heat sources to a selected 
mobilization section of the permeable formation sucn that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation;. 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the sej^ected mobilization section of the 
permeable formation is less than about 150° 

providing a gas to the permeable forn^iation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons within the permeable formation; 

controlling a pressure of the provic^ed gas such that the flow of the mobilized 
hydrocarbons is controlled; and 

producing a mixture from the perfneable formation. 

5295. The method of claim 5294, whdein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of /he hydrocarbons within the selected mobilization 
section of the permeable formation. 

5296. The method of claim 5294, ^herein the one or more heat sources comprise 
electrical heaters. 

5297. The method of claim 5294/ wherein the one or more heat sources comprise 
surface burners. 



5298. The method of claim 529/*, wherein the one or more heat sources comprise 
flameless distributed combustor 



V 
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5299. The method of claim 5294, wherein the one or more heat sources comprise natural 
distributed combustors. 



5300. The method of claim 5294, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5301 . The method of claim 5294, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5302. The method of claim 5294, wherein prov/ding heat from the one or more heat 
sources to at least the portion of permeable forrfiation comprises: 

heating a selected volume (F) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein me formation has an average heat 
capacity(Cv), and wherein the heating pyrol^zes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatio/ 

Pwr = h'^VC^^pB 

wherein Pwr is the heating energV/day, is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5303. The method of claim 5294, ^herein allowing the heat to transfer from the one or 
more heat sources to the selected npbilization section comprises transferring heat 
substantially by conduction. 



5304. The method of claim 529- 
least a majority of the permeable 
about 2 bar absolute. 



, further comprising controlling a pressure within at 
formation, wherein the controlled pressure is at least 
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5305. The method of claim 5294, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a producaon well, wherein the 
heating is controlled such that the mixture can be produced fmm the permeable 

5 formation, and wherein at least about 4 heat sources are di^osed in the permeable 
formation for each production well. / 

5306. The method of claim 5294, wherein producing the mixture from the permeable 
formation further comprises producing the mixture/in a production well, wherein the 

10 heating is controlled such that the mixture can be/produced from the permeable 

formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. / 

m 5307. The method of claim 5294, furthe^omprising separating the mixture into a gas 

[J 15 stream and a liquid stream. 

I : H 

5 5308. The method of claim 5294, 

stream and a liquid stream and sep; 

non-aqueous stream. ) 

ni / 

^20 / 

5309. The method of claim 5294, wherein the mixture is produced from a production 
well, the method further composing heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

25 5310. The method of claim 5294, wherein the mixture is produced from a production 

well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

30 



ther comprising separating the mixture into a gas 
the liquid stream into an aqueous stream and a 
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5311. The method of claim 5294, wherein a minimum mobilization temperature is about 
75 

53 12. The method of claim 5294, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosi™ of the hydrocarbons. 

5313. The method of claim 5294, wherein the provider gas comprises carbon dioxide. 

53 14. The method of claim 5294, wherein the provided gas comprises nitrogen. 

53 15. The method of claim 5294, wherein the pressure of the provided gas is above 
about 2 bar absolute. / 

53 16. The method of claim 5294, whereinfthe pressure of the provided gas is below 
about 70 bar absolute. / 

5317. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the ponion has an average permeability of less than about 
10 millidarcy, comprising: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such thatiieat from the heat sources pyrolyzes at least some 
hydrocarbons v^thin the selected/section, and wherein heat from the heat sources 
increases the permeability of at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 

5318. The method of claim 53 1 7, wherein the one or more heat sources comprise at 
least two heat sources, and vjhevcm superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at leasi the portion of the selected section. 
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53 1 9. The method of claim 5317, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation wherein the thermal fractures substantially increase the permeability of the 

1 . . A 

selected section. / \^ 

5320. The method of claim 53 1 7, wherein the Meat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. / 

5321. The method of claim 5317, wherein at least one of the heat sources comprises an 
electrical heater located in the formation/ 

5322. The method of claim 53 1 7, whferein at least one of the heat sources is located in a 
heater well, and wherein at least one^of the heater wells comprises a conduit located in 
the formation, and ftirther comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5323. The method of claim 53 17, wherein at least some of the heat sources are arranged 
in a triangular pattern. / 

5324. The method of claim 5B 1 7, further comprising: 
monitoring a composiiion of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the producea mixture. 

5325. The method of claiAi 5324, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 
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5326. The method of claim 5324, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5327. The method of claun 53 1 7, wherein an average distance between heat sources is 
between about 2 m to about 8 m. / 

5328. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an Average permeability of less than about 
1 0 millidarcy, comprising: / 

providing heat from one or more heat /ources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected sectioiy and wherein heat from the heat sources 
vaporizes at least a portion of the hydro/carbons in the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 

5329. The method of claim 5328, Xvherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some Hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocarbons in the selected section. 

5330. The method of claim/5328, fiirther comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the therfnal fractures substantially increase the permeability of the 
selected section. / 

533 1 . The method of clalim 5328, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. / 
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5332. The method of claim 5328, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. i 

5333. The method of claim 5328, wherein at leastyone of the heat sources is located in a 
heater well, and wherein at least one of the heater /veils comprises a conduit located in 
the formation, and further comprising heating th^ conduit by flowing a hot fluid through 
the conduit. / 

5334. The method of claim 5328, whereir/ at least some of the heat sources are arranged 
in a triangular pattern. / 

5335. The method of claim 5328, fumier comprising: 
monitoring a composition of /he produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 

5336. The method of claim 5^35, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5337. The method of claim 5335, wherein the pressure is controlled such that pressure 
proximate to one or mor^of the heat sources is greater than a pressure proximate to a 
location where the mixtmre is produced. 

5338. The method of claim 5328, wherein an average distance between heat sources is 
between about 2 m to about 8 m. 

5339. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 
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providing heat from one or more heat sources to the formation, wherein at least 
one of the heat sources is located in a heater well; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected secticm; and 

producing a mixture comprising hydrocaurbqns from the formation, wherein the 
mixture is produced from one or more heater wells. 

5340. The method of claim 5339, whereinrthe one or more heat sources comprise at 
least two heat sources, and wherein superoosition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

5341 . The method of claim 5339, mrther comprising producing fluid from at least one 
heater well in which is positioned tne heat source of the one or more heat sources. 

5342. The method of claim 5339, fiirther comprising allowing heat to transfer from at 
least one of the heat sources to me selected section to create thermal fractures in the 
formation, wherein the thermay fractures substantially increase the permeability of the 
selected section. / 

5343. The method of claim 5339, wherein the heat is provided such that an average 
temperature in the selectecy section ranges from approximately about 270 °C to about 375 
°C. / 

5344. The method of claim 5339, wherein at least one of the heat sources comprises an 
electrical heater located/in the formation. 

5345. The method of claim 5339, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
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the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. , 



5346. The method of claim 5339, wherein at le^t some of the heat sources are arranged 
in a triangular pattern. 

5347. The method of claim 5339, further cofnprising: 
monitoring a composition of the proauced mixture; and 
controlling a pressure in at least abortion of the formation to control the 

composition of the produced mixture. 

5348. The method of claim 5347, wKerein the pressure is controlled by a valve 
proximate to a location where the nilxture is produced. 

5349. The method of claim 5347, wherein the pressure is controlled such that pressure 
proximate to one or more of the^eat sources is greater than a pressure proximate to a 
location .where the mixture is produced. 

5350. The method of claim/5339 wherein an average distance between heat sources is 
between about 2 m to abouf 8 m. 



5351. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, v/hcvQin the portion has an average permeability of less than about 
10 millidarcy, comprisfmg: 

providing heart firom one or more heat sources to the formation; 

allowing the^heat to transfer from one or more of the heat sources to a selected 
first section of the formation such that heat firom the heat sources creates a pyrolysis zone 
wherein at least s^me hydrocarbons are pyrolyzed within the first selected section, and 
allowing the heatfto transfer from one or more of the heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 
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hydrocarbons within the selected second section to a temperature less than the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocarbons from d|e formation. 

5352. The method of claim 535 1 , wherein the one or mpre heat sources comprise at 
least two heat sources, and wherein superposition of hrat from the at least two heat 
sources pyrolyzes at least some hydrocarbons withiiyihe selected first section of the 
formation, and wherein superposition of heat fromythe at least two heat sources heats at 
least some hydrocarbons within the selected sec(md section to a temperature less than the 
average temperature within the pyrolysis zone. / 

5353. The method of claim 535 1, whereinM least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 

5354. The method of claim 5351, wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 

5355. The method of claim 535 1 , iurther comprising allowing heat to transfer from at 
least one of the heat sources to thef selected first section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected first section. / 

5356. The method of claim 535 1, fiirther comprising allowing heat to transfer from at 
least one of the heat sources lo the selected second section to create thermal fractures in 
the formation, wherein the mermal fractures substantially increase the permeability of the 
selected second section. / 

5357. The method of claim 535 1, wherein the heat is provided such that an average 
temperature in the selected first section ranges from approximately about 270 °C to about 
375 °C, / 
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5358. The method of claim 535 1, wherein the heat is provided such that an average 
temperature in the selected second section ranges from approximately about 1 80 °C to 
about 250 °C. 

5359. The method of claim 535 1 , v^herein a viscosity of^t least some of the 
hydrocarbons in the selected second section ranges from approximately about 20 
centipoise to about 1000 centipoise. / 

5360. The method of claim 5351, wherein at least one of the heat sources comprises an 
electrical heater located in the formation, / 

5361. The method of claim 5351, whereiii at least one of the heat sources is located in a 
heater well, and wherein at least one of tne heater wells comprises a conduit located in 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5362. The method of claim 535 1 ,mirther comprising: 
monitoring a composition^f the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 

5363. The method of claim 6362, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5364. The method of claim 5362, wherein the pressure is controlled such that pressure 
proximate to one or moreiof the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5365. The method of claim 5361, wherein the pressure in the selected second section is 
substantially greater than the pressure in the selected first section. 
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5366. The method of claim 5351, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5367. The method of claim 5351, wherein an average distance between heat sources in 
the selected first section is less than an average distancp^erween heat sources in the 
selected second section. 

5368. The method of claim 5351, wherein the ttfeat is provided to the selected first 
section before heat is provided to the selected /econd section. 

5369. The method of claim 535 1 , wherei/the selected first section comprises at least 
one production well. 

5370. The method of claim 535 1 , wl/erein an average distance between heat sources in 
the selected first section is between about 2 m to about 10 m. 

5371 . The method of claim 535 /, wherein an average distance between heat sources in 
the selected second section is bpween about 5 m to about 20 m. 

5372. The method of claim p35 1 , wherein the selected first section comprises a planar 
region. 

5373. The method of cl^m 5351, wherein at least one row of the heat sources provides 
heat to the planar regionJ 

5374. The method of f laim 5373 wherein a length of a row is between about 75 m to 
about 125 m. 



5375. The method 
hydraulic firacture. 



o: 



claim 5372, wherein the planar region comprises a vertical 
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5376. The method of claim 5375, wherein a width of the vertical hydraulic fracture is 
between about 0.3 cm to about 2.5 cm. / 

5377. The method of claim 5375, wherein a length o£4he vertical hydraulic fracture is 
between about 75 m to about 125 m. / 

5378. The method of claim 5351, wherein at leht one ring comprising the heat sources 
provides heat to the selected first section. / 

5379. The method of claim 5378, whereii/ at least one ring comprising the heat sources 
provides heat to the selected second section. 

5380. The method of claim 5378, wMerein the ring comprises a polygon. 

5381. The method of claim 5378/wherein the ring comprises a regular polygon. 

5382. The method of claim 5378, wherein the ring comprises a hexagon. 

5383. The method of claim 3378, wherein the ring comprises a triangle. 

5384. A method for treatifig hydrocarbons in at least a portion of a hydrocarbon 
containing formation, whferein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from three or more heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
arranged in a substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 
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5385. The method of claim 5384, wherein superposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons/within the selected section of the 
formation. / 

5 5386. The method of claim 5384, wherein thef mixture is produced from a production 
well located in a triangular region created by At least three heat sources. 

5387. The method of claim 5384, fijrthei/comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
10 formation, wherein the thermal fractur/s substantially increase the permeability of the 
selected section. / 

O 5388. The method of claim 5384/ wherein the heat is provided such that an average 

m temperature in the selected section ranges from approximately about 270 °C to about 375 

j 15 °C. / 

5389. The method of claim 6384, wherein at least one of the heat sources comprises a 
1_ electrical heater located in tHe formation. 

20 5390. The method of cla/m 5384, wherein at least one of the heat sources is located in a 

O heater well, and wherein/at least one of the heater wells comprises a conduit located in 

M= / 

the formation, and fiirthfer comprising heating the conduit by flowing a hot fluid through 

the conduit. / 

25 5391 . The methodM claim 5384, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5392. The metnod of claim 5384, further comprising: 

monitomng a composition of the produced mixture; and 
30 controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 
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5393. The method of claim 5392, wherein the pressure is controlled by a valve 
proximate to a location where the mytture is produced. 

5394. The method of claim 5392, wherein the pressure is controlled such that pressure 
proximate to one or more of ttte heat sources is greater than a pressure proximate to a 
location where the fluid is nroduced. 



10 



5395. The method of claim 5384, wherein an average distance between heat sources is 
between about 2 m toAbout 8 m. 
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